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While previous studies attribute the superior learning 
associated with random practice to cognitive-mediated 
factors (i.e., Shea & Zimny, 1983; Lee & Magi11, 1985), the 
extrinsic characteristics of the task and how subjects 
respond to them have not been considered. One view is that 
blocked and random practice conditions impose differential 
constraints on performance (Newell & McDonald, 1992). The 
two experiments reported here sought to test this view, with 
the assumption that differences in search strategies would 
be identified at the level of kinematic performance. In 
Experiment 1, a quantitative analysis of kinematic 
variability was used to assess the contextual interference 
effect. The task involved tapping a series of disks in a 
particular pattern with a hand-held stylus. These movements 
were recorded and analyzed using the Peak Performance Motion 
Analysis System. Subjects (28 females) were randomly 
assigned to blocked or random practice conditions. A 
double-transfer design resulted in four practice-retrieval 
conditions. Subjects received 36 practice trials on each of 
three different movement patterns during acquisition, 
followed by a 10-minute retention interval. Three trials of 
the practiced patterns and three trials of a novel pattern 
were performed during retention and transfer testing. 
Analysis of kinematic performance revealed that the practice 
schedule manipulation led to differences in kinematic
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variability, with random practice and random retrieval 
conditions resulting in greater kinematic variability than 
blocked practice and blocked retrieval conditions.
Experiment 2 extended this finding by introducing an 
extrinsic source of kinematic variability into blocked 
practice performance. Subjects were required to strike 
different regions of the disk while performing a movement 
pattern. This extrinsic variability was expected to lead to 
improved learning under blocked practice conditions because 
it encouraged a wider search of the perceptual-motor 
workspace. Analysis revealed an increase in kinematic 
variability during acquisition for blocked practice subjects 
in the variable target condition, with this variability 
leading to improved retention and transfer performance.
These findings are discussed in relation to cognitive-based 
interpretations of the contextual interference effect.
Introduction
The contextual interference effect, first identified in 
the verbal learning domain by Battig (1979) and later 
identified in the motor learning domain by Shea and Morgan 
(1979), refers to the learning advantage associated with 
randomizing task order during acquisition training. 
Typically, while the acquisition performance obtained under 
random practice conditions is poor relative to the 
acquisition performance obtained under blocked practice 
conditions, retention and transfer performance reveals the 
opposite state of affairs, with random practice promoting 
superior performance relative to blocked practice.
Debate over why the random practice schedule leads to 
better learning has traditionally focused on differences in 
the cognitive mediating strategies resulting from the 
practice schedule manipulation (Shea & Morgan, 1979; Shea & 
Zimny, 1983; Lee & Magill, 1985); strategies expected to 
differentiate along performance outcome lines. Two models 
predominate this view. The elaboration-distinctiveness 
model, proposed by Battig (1979), which was extended to 
motor skills by Shea and Morgan (1979) and later revised by 
Shea and Zimny (1983), contends that greater learning is 
associated with both a stronger cognitive representation of 
the requisite movement information (e.g., distinctive 
processing) and the development of various access and 
retrieval routes to this information (e.g., elaborate
1
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processing). Because movement information associated with 
each task is resident in working memory under a random 
practice schedule, the movement information is subject to 
both distinctive and elaborate processing. However, under a 
blocked practice schedule, only that movement information 
associated with a single task is resident in working memory 
at any given time, and this information would therefore be 
subject to distinctive processing alone. The implication is 
that blocked practice discourages development of alternative 
access routes to information required for the production of 
novel responses, which would account for the poor transfer 
performance of subjects assigned to a blocked practice 
schedule condition.
The model developed by Lee and Magill (1985) takes a 
much different view of the cognitive mediating strategies 
underlying the practice schedule manipulation. Based on 
research conducted by Jacoby (1978) and Jacoby and Dallas 
(1981), Lee and Magill (1985) proposed a reconstruction 
hypothesis whose central premise was that "forgetting 
facilitated retention". Under the random practice schedule 
condition, the authors suggested the action plan constructed 
to complete a particular task was forgotten when a different 
task was encountered; thus requiring subjects to reconstruct 
each action plan across subsequent movement-task 
repetitions. Repeating the reconstruction process was 
expected to facilitate retention and transfer because, as
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Lee and Hagill (1985) hypothesized, it exposed subjects to 
the processes involved in "developing and implementing an 
action plan" (pg. 19). This would not be the case for 
subjects exposed to a blocked practice schedule who, on the 
basis of Jacoby and Dallas' (1981) conclusions, would be 
expected to by-pass the processes involved in reconstructing 
action plans because their performance could more easily be 
mediated by the solutions derived from initial movement-task 
experience. However, this response strategy would provide 
little or no experience with reBpect to the construction of 
action plans; experience that would be useful when a novel 
action plan was called for (i.e., during a transfer task) or 
when a familiar task's action plan must be constructed after 
some delay (i.e., during a retention task).
Unfortunately, research has failed to resolve which of 
these two explanations accounts for the contextual 
interference phenomenon. One reason why this theoretical 
debate has not been resolved may be because neither model 
accounts for differences at the level of movement behavior 
itself. For example, in the studies conducted by Shea and 
Morgan (1979) and later by Shea and Zimny (1983) and Lee and 
Magill (1983), where movement time has been used to infer 
the strength of a memory representation, the redundancy of 
the blocked practice schedule produced a marked reduction in 
movement time relative to the random practice schedule; 
especially during early stages of acquisition training.
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That differences in outcome scores reflect differences in 
the movement dynamics that produced them suggests it may be 
possible to identify what was learned about a task by 
examining the underlying movement dynamics associated with 
performing it. However, while performance outcome 
differences have formed the basis for accounting for the 
contextual interference effect, the behavioral dynamics 
associated with these outcomes scores have typically been 
ignored (Newell & McDonald, 1992).
Although Newell and McDonald (1992) have provided a 
basis for examining the contextual interference phenomenon 
from a task dynamics perspective, proponents of this 
perspective have yet to identify how the practice schedule 
manipulation differentially constrains performance. The 
experiments reported here seek to remedy this situation by 
submitting Newell and McDonald's (1992) hypothesis to 
empirical investigation.
In Experiment 1, the goal was to identify whether the 
practice schedule manipulation imposed differential 
constraints on the search strategies subjects developed to 
perform the various movement patterns (Newell & McDonald, 
1992). It was assumed that the kinematics underlying the 
production of a particular movement pattern represented a 
search strategy adopted for producing it. Over trials, it 
would be possible to relate the degree of kinematic 
variability to the number of search strategies generated
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across practice. The important issue addressed in this 
study was whether subjects, left to their own devices in 
response to the extrinsic demands of the task, would produce 
kinematic differences that complimented outcome score 
differences in the contextual interference effect.
Because of the variability intrinsic to the random practice 
schedule, it was predicted that during acquisition training, 
subjects assigned to the random practice schedule would 
yield greater kinematic variability across repeated trials 
on the same movement pattern than would subjects assigned to 
the blocked practice schedule. During retention and 
transfer testing, the retrieval context would be expected to 
have the same effect on performance, with the random 
retrieval condition resulting in greater kinematic 
variability than the blocked retrieval condition. The 
kinematic differences across retention and transfer testing 
were expected to be qualified by initial practice 
conditions.
The purpose of Experiment 2 was to determine whether 
blocked practice could yield equivalent retention and 
transfer performances as random practice when kinematic 
variability was held constant across acquisition training. 
Assuming that kinematic variability is a product of 
different search strategies, it should be possible to 
influence what search strategies subjects develop by 
manipulating the level of kinematic variability they produce
6
during acquisition training. In addition to the practice 
schedule manipulation, Experiment 2 introduced an extrinsic 
source of kinematic variability into subjects' performance 
by requiring them to modify the trajectories associated with 
a particular movement pattern. For blocked practice 
subjects, this increase in kinematic variability was 
expected to lead to the creation of a repertoire of search 
strategies that would assist in the performance of retention 
and transfer trials. It was not known whether the 
additional kinematic variability would help or hinder the 
retention and transfer performance of random practice 
subjects.
Experiment 1
For tasks that have a goal of moving as rapidly as 
possible, blocked practice is typically accompanied by a 
marked reduction in movement time, especially during the 
initial stages of acquisition training. This reduction in 
movement time is often followed by a performance asymptote 
{i.e., Lee & Magill, 1983). According to the impulse- 
variability hypothesis proposed by Schmidt, Zelaznik, 
Hawkins, Frank and Quinn (1979), this increased movement 
speed would be accompanied by a reduction in movement 
variability. In fact, an examination of Lee and Magill's 
(1983) data reveals such a trend in that the performance of 
subjects assigned to the blocked practice schedule not only 
asymptoted by Block 2 of acquisition, this asymptote was 
accompanied by relatively stable response variability. The 
assumption however, is not that faster movements associated 
with blocked practice produce more stable response dynamics, 
but rather, that the redundancy of blocked practice produces 
a redundancy in the movement dynamics, and it is the 
redundancy in movement dynamics that yields the faster 
movement times. According to a dynamic systems view, this 
consistency in performance suggests the development of a 
stable attractor "well” (Kelso & Schoner, 1988), the 
development of which represents a region within the 
perceptual-motor workspace that requires a minimal 
expenditure of energy; a preferred state given our intrinsic
7
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dynamics. A stable attractor "well" would consist of a 
narrow spectrum of oscillatory patterns subserving the 
movement (Kay, 1988), represented by relatively consistent 
movement kinematics. As a behavioral consequence of this 
stability, subjects would be less inclined to deviate from 
the established boundary of the attractor "well", as doing 
so would involve a wasteful expenditure of energy. However, 
this energy conservation has a cost, in that subjects would 
be less inclined to search out alternative strategies when 
changes to the perceptual-motor workspace occur.
On the other hand, the random practice schedule is 
typically associated with slower movement times, and, as 
demonstrated in Lee and Magill's (1983) study, may not reach 
the level of performance attained under the blocked practice 
schedule. These slower movements would be accompanied by a 
higher degree of movement variability (Schmidt et al., 1979; 
Reed, 1988); a function of the variability inherent within 
the random practice schedule and comprised of a wide 
spectrum of oscillatory processes (Kay, 1988). Although 
subjects would be required to expend a higher degree of 
energy interacting with the perceptual-motor workspace, the 
benefit of this investment is movement flexibility, in that 
subjects are more inclined to "jump" from one attractor well 
to another, via the network of oscillatory pathways, when 
changes to the perceptual-motor workspace warrant it.
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Expected differences in the kinematic variability 
associated with the extrinsic demands of the task points 
towards the practice schedule manipulation as a possible 
source of constraint on action. That is, it may be the 
degree of kinematic variability established during the 
practice session that is related to the retention/transfer 
characteristics associated with the contextual interference 
effect. It is assumed kinematic variability allows sampling 
of a greater range of information represented within the 
perceptual-motor workspace, even though this search strategy 
requires a large investment of energy. On the other hand, 
blocked practice caters to our preference to invest as 
little energy into the production of a movement as possible. 
Therefore, the amount or type of information subjects have 
access to within the perceptual-motor workspace is 
relatively limited. The contention is that the contextual 
interference effect reflects differences in the type and/or 
amount of kinematic (what to do) information subjects are 
able to sample as a function of their practice schedule 
assignment. The differential constraints imposed on the 
information sampled during acquisition training is expected 
to influence how subjects perform during retention testing, 
with subjects trained under a blocked practice schedule and 
transferred to a random retrieval schedule expected to 
suffer the greatest performance decrements.
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As a generalization from dynamic systems theory, the 
poor transfer demonstrated by subjects exposed to a blocked 
practice condition, relative to a random practice condition, 
would be attributed to the lack of oscillatory pathways that 
may lead to a unique task solution. Because subjects would 
be required to generate this solution during transfer 
testing itself, one would predict an increase in kinematic 
variability as subjects searched beyond the established 
boundaries of the perceptual-motor workspace. Because these 
oscillatory pathways were established during acquisition 
training under random practice conditions, a novel task 
solution would be more accessible to subjects who paid the 
initial cost in energy expenditure.
Having identified, theoretically, the extrinsic task 
dimension responsible for performance differences, the goal 
of the present study was to establish empirically whether it 
indeed represents the actual source of constraint on action. 
To test this hypothesis, the kinematics of subjects 
performing different movement tasks under a blocked or 
random practice schedule were examined. If it is indeed the 
case that the practice schedule manipulation leads subjects 
to sample different sources or amounts of kinematic 
information from within their respective perceptual-motor 
workspaces, then the dynamics underlying the movements 
themselves should account for much of the learning 
differences. For example, the redundancy of the blocked
11
practice schedule should be matched by a redundancy in the 
underlying movement kinematics associated with producing a 
particular movement pattern; suggesting that the same amount 
or source of kinematic information is being sampled across 
practice trials. Likewise, the variability of the random 
practice schedule should be matched by a variability in the 
kinematic profiles associated with producing a particular 
movement pattern; suggesting that different sources or 
amounts of kinematic information are being sampled across 
practice trials. During retention and transfer testing, 
subjects lacking the flexibility required to engage in 
alternative search strategies would be forced to acquire the 
appropriate search strategies during the retention and 
transfer tests themselves, resulting in greater energy 
expenditure. This additional expense would be demonstrated 
by an increase in kinematic variability, and, accordingly, 
subjects exposed to a blocked practice schedule but required 
to retrieve information under a random schedule would be 
expected to produce the greatest amount of kinematic 
variability. The opposite is expected to occur for subjects 
who possess response flexibility (by virtue of random 
practice), but who no longer need it (blocked retrieval). 
Under these circumstances, response dynamics beyond those 
required to perform the movement task at hand should "fall 
out” (i.e., Kay, 1988). This should result in less 
kinematic variability relative to the movements produced by
12
subjects who must rely on the range of oscillatory pathways 
in order to search out alternative response strategies 
during both retention and transfer testing (i.e., random 
practice and retrieval condition). To assess the movement 
dynamics associated with these response strategy 
differences, displacement profiles of subject-produced 
movement patterns served as the primary source of 
performance data in this study. In addition to these 
kinematic data, Movement Time (MT), and Movement Time 
Standard Deviations (SD) were used to assess context effects 
(MT) and to provide a means of assessing response 
variability (SD).
Kinematic profiles were obtained from several 
representative subjects from each practice-retrieval 
condition. In addition, a quantitative measure of spatial 
variability was obtained from the kinematic profiles to 
assess differences in movement production as a function of 
each subject's practice-retrieval condition. It was 
predicted that blocked practice would yield relatively 
consistent movement kinematics with respect to the paths 
subjects' hands traversed during acquisition training, while 
random practice would yield relatively variable movement 
kinematics. During retention and transfer testing, it was 
predicted that subjects trained under a random practice 
schedule but transferred to a blocked retrieval schedule 
would yield more consistent movement kinematic than subjects
13
transferred from a blocked practice to random retrieval 
schedule. Subjects transferred to a retrieval schedule 
consistent with that imposed during acquisition training 
were expected to produce movement kinematics intermediate 
between those produced by subjects assigned to the two 
extreme transfer conditions.
To assess subjects' recall of the patterns practiced 
during acquisition training, each were required to draw 
diagrams of the movement trajectories produced during 
acquisition training prior to completing retention and 
transfer testing. It was hypothesized that blocked practice 
would lead to poorer recall of the practiced responses 
relative to random practice given that blocked practice is 




Twenty-eight female undergraduate and graduate 
students/ unfamiliar with the experimental apparatus, were 
recruited from university activity classes (Age M>24.44, 
SD“4.12). All subjects provided written consent prior to 
participating in this study.
Appqrfttgq
Six brass disks (5.75 cm in diameter), arranged in a 2 
columns X 3 rows configuration were mounted on a flat 




Figure 1. Diagram of apparatus and position of subject.
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first and last pair of disks were two additional disks that 
served as the start and stop positions. Mounted on a 
backboard attached to the end of the table were three 
differently colored l.e.d.s (light emitting diodes) which 
served as movement initiation cues.
Each l.e.d. was positioned above a diagram illustrating 
the order for which a series of disks were to be contacted 
with the metal tip of a hand held stylus. For each trial, 
the l.e.d. remained illuminated for 6000 ms. The hand held 
stylus was integrated with the table surface supporting the 
metal disk array via an IBM PC-2 computer which, operating 
at a sampling rate of 5000 Hz, recorded any voltage changes 
that resulted each time the metal tip of the stylus made 
contact with a metal disk.
Positioned 1.2 m above and perpendicular to the plane 
of motion was a video-recorder, which was used to record the 
path of the hand held stylus as a subject produced the 
designated movement pattern. The sampling rate of recording 
was 60 Hz. Reflecting tape was affixed to the top of the 
stylus handle to provide a brightness contrast for assisting 
in data capture.
A schematic diagram of the three patterns displayed 
during acquisition training was created to test recall. For 
each pattern, the paths between disks were left blank so 
that subjects could draw the appropriate paths by hand.
Above each pattern was the color of a l.e.d. corresponding
16
to a particular movement pattern, with the position of each 
l.e.d* on the diagram consistent with its position on the 
backboard.
Design
Subjects were randomly assigned to either a blocked or 
random practice condition. From within each practice 
condition, subjects were randomly assigned to either a 
blocked or random retention and transfer condition* This 
double-transfer design yielded four groups of seven subjects 
each. For two groups (Blocked-Blocked; Random-Random), the 
practice conditions imposed during acquisition training were 
maintained during retention and transfer testing. The 
remaining two groups (Blocked-Random; Random-Blocked), were 
required to perform retention and transfer testing under 
conditions opposite to those imposed during acquisition 
training.
Procedures
All subjects performed 36 trials on each of the 
patterns displayed on the backboard of the apparatus, for a 
total of 108 acquisition trials. After a 10-minute 
retention interval, subjects returned to the testing room 
and were administered a pen-and-paper task to assess their 
recall of the patterns they had previously performed. 
Subjects were handed a pen and instructed to draw lines 
between the disks in the order they recalled having
17
performed the movement during acquisition training for each 
colored l.e.d*, and to guess the pattern when necessary.
Following the recall test, subjects performed three 
trials for each of the patterns practiced during acquisition 
training under a blocked or random retrieval schedule. 
Transfer testing (three trials) was conducted under a 
blocked schedule regardless of retrieval context upon 
completion of retention testing.
Each subject read instructions concerning the task upon 
her arrival to the testing room. After questions were asked 
and answered, the experimenter introduced the subject to the 
apparatus and demonstrated how the subject was to grasp the 
hand-held stylus. While pointing to one of the diagrams 
displayed on the backboard, the experimenter then 
demonstrated how the subject was to perform the movement 
corresponding to the diagram. The subject was instructed to 
perform each movement pattern as quickly and as accurately 
as possible. The subject was reminded to learn to associate 
each colored l.e.d. with its corresponding diagram and was 
handed the stylus. When the subject was in position in 
front of the apparatus, the experimenter initiated the video 
recorder and computer to begin the session.
The subject began each trial by placing the metal tip of 
the stylus on the start disk. This position was maintained 
until the l.e.d. signalling which pattern to perform was 
activated. The subject then removed to stylus from the
18
start disk and tapped each disk in the order specified in 
the diagram; terminating the movement by tapping the stop 
disk. Feedback, in the form of movement time and accuracy, 
was provided to the subject upon conclusion of the trial*
The subject then returned the stylus to the start position 
and awaited the next trial.
Prior to retention and transfer testing, the subject 
was instructed to "guess” the movement pattern if unsure but 
to perform the movement as quickly as possible. If the 
movement was performed inaccurately, the experimenter showed 
the diagram of the movement pattern to the subject and 
repeated the trial at the end of the normal session. During 
this time, movement times were not reported to the subject. 
Dependent Measures
Each dependent measure (MT and SD) was collapsed across 
three trials per pattern to create 12 acquisition blocks, 
one retention block, and one transfer block. Five subjects 
from each experimental condition whose movement times 
deviated the least from the group mean were selected as the 
representative subjects from their respective groups.
Kinematic data generated during the production of one 
movement pattern, Pattern B, were collected and analyzed 
using the Peak Performance Motion Analysis System. Pattern 
B was selected as the representative movement pattern 
because analysis of MT across each pattern revealed no 
difference with respect to production time. The first and
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final three trials (Pattern B) produced during acquisition 
training were used to assess the kinematic differences 
associated with the practice schedule manipulation. All 
three trials produced during retention (Pattern B) and 
transfer (Pattern D) testing were used to assess the 
kinematic differences associated with the practice-retrieval 
manipulation.
Kinematic differences were quantified by parsing the 
entire movement into four segments: Segment 1 « Start to
Disk 1, Segment 2 ■ Disk 1 to Disk 2, Segment 3 « Disk 2 to 
Disk 3, and Segment 4 “ Disk 3 to Stop. Because the 
perceptual-motor workspace is two-dimensional in terms of 
space and time, it was necessary to derive a dependent 
measure that was a composite of both sources of information. 
The dependent measure used in this study, Resultant 
Displacement Variability (RD), was a composite score derived 
by selecting peak velocity, normalized for movement time, as 
a landmark from which the corresponding resultant 
displacement value could be obtained.
The assumption was that at peak velocity, a subject's 
hand would be positioned intermediate between two disk 
targets; a position free from the spatial constraints 
imposed by disk proximity. Four values were calculated for 
each movement trial, one for each segment of a movement. 
Kinematic variability was quantified by computing the 
standard deviations of the resultant displacements across
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three successive trials for each movement segment, and then 
averaging across those segments.
Rgg-V4ts
This section is comprised of two parts. In the first 
part, results of outcome scores, Movement Time (MT), the 
Standard Deviation of MT (SD), and response accuracy 
(percent correct) are presented. The results of the 
quantitative analyses of kinematic data are presented in the 
second part. All statistical decisions were based on a 
significance level of £><.05. Violations to sphericity were 
adjusted using the Greenhouse-Geisser Episilon value.
Tukey's (HSD) post hoc procedure was used to isolate 
differences. Effect size (denoted as A) was also 
calculated.
Outcome Scores
Acquisition. Movement Time data were submitted to a 2 
X 12 (Practice Schedule X Acquisition Blocks) Analysis of 
Variance, with repeated measures on the last factor. This 
analysis yielded significant main effects for Practice 
Schedule, £(1,26)-35.86, A-.77, and Acquisition Blocks,
£(11,264)-19.15, A-.89, in addition to their significant 
interaction, £(11,264J-5.28. As shown in Figure 2, a 
decrease in MT was associated with only random practice over 
blocks of acquisition.
Analysis of Standard Deviation data were performed 
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Figure 2. Movement time as a function of practice schedule, 
acquisition blocks, retention and transfer.
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Analysis of Variance, with repeated measures on the last 
factor. As with MT, this analysis revealed significant main 
effects for Practice Schedule, £(1,26)“41.08, A*.70, and 
Acquisition Blocks, £(ll,264)a>5.03, A*.64, although the 
adjusted Practice Schedule X Acquisition Blocks interaction, 
£(11,264)~2.03, failed to reach significance. Figure 3 
reveals that while both practice schedules led to a 
reduction in MT variability across blocks of acquisition, 
blocked practice yielded greater MT consistency relative to 
random practice.
Retention. Retention data were submitted to a 2 X 2 
(Practice Schedule X Retrieval Schedule) Analysis of 
Variance. Both main effects of Practice Schedule, £(1,24)"« 
8.915, A>.60, and Retrieval Schedule, F(1,24)-13.901, A-.75, 
were significant, as well as their interaction,
£(1,24)*5.500. As can be seen in Figure 2, this interaction 
can be attributed to the poorer retention performance of 
blocked practice subjects transferred to a random retrieval 
schedule.
Analysis of SD data, using a 2 X 2 (Practice Schedule X 
Retrieval Schedule) Analysis of Variance, resulted in 
significant main effects for both Practice Schedule,
£(l,24)-8.577, A-.38, and Retrieval Schedule, £(1,24)-9.613, 
A".42. The interaction between Practice Schedule and 
Retrieval Schedule, £(1,24)“1.538, failed to reach 
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illustrated in Figure 3, indicates that in general, subjects 
who practiced under a blocked practice schedule yielded 
greater MT variability than subjects who practiced under a 
random practice schedule. Further, the main effect of 
Retrieval Schedule indicates that the random retrieval 
schedule resulted in greater MT variability than did the 
blocked retrieval schedule.
Transfer. The MT associated with producing a novel 
pattern were submitted to a 2 X 2 (Practice Schedule X 
Retrieval Schedule) Analysis of Variance. This analysis 
revealed only a main effect of Practice Schedule,
£(1,24)~7.428, A-.75, with the main effect of Retrieval 
Schedule, F(1,24)«1.402, and the interaction between these 
two variables, £(1,24>■.003, failing to reach significance. 
Figure 2 illustrates that subjects who practiced under a 
blocked practice schedule produced greater MT when required 
to transfer to a novel movement pattern than did subjects 
who practiced under a random practice schedule*
Analysis of SD, using the same 2 X 2  (Practice Schedule 
X Retrieval Schedule) procedure, resulted in similar 
findings, in that only the main effect of Practice Schedule, 
£(1,24)“5 .919, A*.49, was significant. The main effect of 
Retrieval Schedule, F(1,24)>.244, and the interaction 
between these variables, E(1,24)*2.853, failed to reach 
significance. As with MT performance, subjects who 
practiced under a blocked practice schedule yielded poorer
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MT consistency than did subjects who practiced under the 
random practice schedule. This is in spite of the fact that 
transfer testing took place under a blocked retrieval 
format *
Performance Accuracy
Percentage scores for the number of acquisition and 
retention trials performed accurately were calculated, as 
well as the number of correctly recalled patterns subjects 
were required to produce prior to retention and transfer 
testing.
For acquisition data, a One-way Analysis of Variance 
was used to determine whether the practice schedule 
manipulation affected subjects' accuracy performance during 
acquisition training. This analysis failed to produce a 
significant difference between practice schedule conditions, 
F{ 1,27)»2.386, suggesting the practice schedule manipulation 
had no differential effect on performance accuracy.
Retention performance was submitted to a 2 X 2 
(Practice Schedule X Retrieval Schedule) Analysis of 
Variance. This analysis showed no significant main effects 
for Practice Schedule f(1,25)-2.09, or Retrieval Schedule,
£(1,25)"2.67, nor their interaction, £( 1,25)*2.74. Analysis 
of recall performance was submitted to the same statistical 
procedure. This analysis revealed a significant main effect 
of Practice Schedule, £(1,25)*6.81, 4*2.6. The main effect 
of Retrieval Schedule, £(1,25)*.099, and the interaction
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between Practice Schedule and Retrieval Schedule,
£(1,25)“ .55, failed to reach significance. Thus, the 
ability to recall the patterns appears to have been 
negatively influenced by blocked practice.
Movement Kinematics
The kinematic profiles (x-displacement vs. y- 
displacement) of one subject from each practice-retrieval 
condition are presented in Figure 4 for blocked practice 
subjects, and Figure 5 for random practice subjects. The 
profiles demonstrate the movement trajectories subjects 
produced as a function of practice, retention and transfer.
A cursory examination of these profiles reveal the 
limitations associated with assessing performance on the 
basis of qualitative differences, because as the profiles 
indicate, performance cannot be differentiated along 
practice-retrieval lines. As such, a quantitative analysis 
of composite scores becomes all the more important.
Acquisition. The standard deviations of the Resultant 
Displacement Variability (RD) for two blocks of acquisition 
were submitted to a 2 X 2 (Practice Schedule X Acquisition 
Blocks) Analysis of Variance, with repeated measures on 
Acquisition Blocks (Initial vs. Final). This analysis 
yielded significant main effects for Practice Schedule,
£(1,16)“8.93, A“ .28, alone. Neither the main effect of 
Acquisition Blocks, £(1,18)“.17, nor the interaction between 
Practice Schedule and Acquisition Blocks, £(1,18)“ .06, were
27
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three and final three trials of acquisition, 
three trials of retention and three trials of 
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significant. These results are presented in Figure 6, which 
clearly shows that blocked practice was accompanied by less 
kinematic variability relative to random practice across 
both levels of acquisition blocks.
Retention. Retention RD was submitted to a 2 X 2 
(Practice Schedule X Retrieval Schedule) Analysis of 
Variance. This analysis yielded significant main effects 
for Practice Schedule, F(1,16)-13.52, A-.42, and a Practice 
Schedule X Retrieval Schedule, F(1,16)-13.68, interaction. 
The main effect of Retrieval Schedule, F(1,16)*3.66, did not 
reach significance. The Practice Schedule main effect is 
qualified by its interaction with Retrieval Schedule. As 
seen in Figure 6, while blocked practice led to greater 
kinematic variability relative to random practice during 
retention testing, this greater variability appears to be 
restricted to those subjects transferred from a blocked 
practice to random retrieval condition.
Transfer. Analysis of the transfer kinematics, 
performed using a 2 X 2 (Practice Schedule X Retrieval 
Schedule) Analysis of Variance, failed to identify 
significant main effects on either factor, nor their 
interaction. An examination of Figure 6 confirms this 
finding, although it is interesting to note that subjects 
expected to yield the greatest amount of kinematic 
variability as a result of task novelty and practice- 
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actually produced less kinematic variability during transfer 
testing relative to retention testing.
Discussion
The purpose of Experiment 1 was to establish a basis 
for identifying performance differences associated with the 
blocked and random practice schedule manipulation. To do 
so, the kinematic profiles of subjects exposed to different 
practice and retrieval contexts were examined in addition to 
movement time and standard deviations of movement time. It 
was predicted that the practice schedule manipulation would 
serve as a differential constraint on action; a constraint 
that would influence what information subjects sampled from 
their environment (i.e., Newell 6 McDonald, 1992). As 
predicted, in addition to yielding evidence consistent with 
the contextual interference effect, quantitative analysis of 
the movements themselves demonstrated that outcome score 
differences were accompanied by kinematic differences. Each 
of these findings are discussed in turn.
Addressing the replication issue first, analysis of 
performance outcome indicated that random practice yielded 
superior retention and transfer performance relative to 
blocked practice. This is despite the finding that random 
practice failed to promote the same level of acquisition 
performance demonstrated under blocked practice conditions. 
These differences support the contention made by both 
cognitive~based models that blocked practice leads to
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diminished learning. The finding that recall was poorer 
than reproduction performance is not surprising given the 
dissimilarity between how the movement tasks were practiced 
and how this information was retrieved during recall 
testing. Further, there was a tendency for subjects to 
reproduce the patterns they had just recalled. If this 
reproduction was inaccurate, subjects were shown what the 
movement pattern should have been. Subjects transferred to 
a blocked retrieval schedule were unlikely to make the same 
mistake again, however, subjects transferred to a random 
retrieval schedule were. This would account for the 
relatively accurate retention performance of the subjects 
trained and tested under a blocked schedule compared to the 
performance of subjects trained under a blocked practice 
schedule but transferred to a random retrieval schedule. It 
Bhould be noted that despite the additional retention trials 
required by the latter group to obtain three correct 
movement patterns, movement time did not appear to benefit. 
In fact, knowing what movement to make had little influence 
on how quickly subjects actually produced it.
Results obtained from the analysis of kinematic data 
indicate that performance was constrained by the extrinsic 
dynamics of the practice schedule {i.e., blocked-redundant; 
random-variable). In terms of what was learned, the 
variability in acquisition performance suggests that the 
practice schedule manipulation imposed differential
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constraints on the information sampled within the 
perceptual-motor workspace. For example, the kinematic 
variability in the retention performance of blocked-random 
subjects suggests that the search strategies developed 
during acquisition training were incompatible with the 
search strategies required during retention testing*
The contention put forward here is that while blocked 
practice encourages subjects to sample information relevant 
to the task at hand, random practice encourages subjects to 
sample information relevant to the perceptual-motor 
workspace in general. This may explain why blocked-random 
subjects expressed the greatest amount of difficulty during 
retention testing; their ability to shift from one movement 
path to another was negatively influenced by the specificity 
of the search strategies developed during acquisition 
training. Consequently, the information required to engage 
in a more flexible search of the perceptual-motor workspace 
would have to sampled during the retention session itself. 
This would involve time and effort, which would account for 
the slower movement times and greater kinematic variability 
of these subjects. On the other hand, subjects transferred 
from a blocked practice schedule to a blocked retrieval 
schedule produced relatively consistent kinematic profiles; 
suggesting there was no need to search beyond the boundaries 
of the task space they were interacting with because this
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search would have resulted in an unnecessary expenditure of 
energy.
The retention performance of subjects trained under a 
random practice condition suggests that retrieval context 
had little influence on kinematic variability. That is, 
even though random retrieval conditions would call for 
greater flexibility in performance than blocked retrieval 
conditions, retention performance did not appear to be 
mediated by differences in response flexibility. This is 
unexpected, because it was predicted that under a blocked 
retrieval format, extraneous oscillatory processes 
associated with trajectory formation would "fall out" (Kay, 
1988), leaving only those required to perform the movement 
pattern intact. This should have led to a relatively 
consistent kinematic performance for subjects transferred to 
a blocked retrieval schedule, and compared to acquisition 
performance, this does seem to be the case. However, it is 
unclear why subjects transferred to the random retrieval 
context failed to maintain at least some of the kinematic 
variability established during acquisition training across 
retention testing, given the need for flexibility during 
this phase.
Another unexpected finding was the increase in 
kinematic variability associated with each practice- 
retrieval condition during the production of the novel 
movement pattern. While blocked practice did not lead to a
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significant increase in kinematic variability during 
transfer testing, the absence of this effect appears to be 
due to the unexpected consistency associated with blocked- 
random performance. Because transfer testing occurred after 
retention testing, for Blocked-Random subjects, the 
variability which served to depress their performance during 
retention testing may well have provided the opportunity to 
sample information useful to performing the novel movement 
pattern. The blocked format of the transfer trials may have 
facilitated the repetitive search of this workspace, 
resulting in less kinematic variability than would be 
expected to occur given the novelty of the movement pattern. 
Alternatively, because the retrieval condition was identical 
to the practice condition during acquisition training, 
subjects may simply have adopted the same approach to a 
novel pattern during transfer testing as they did to a novel 
pattern during acquisition training. However, this would 
not explain the increase in kinematic variability associated 
with transfer testing nor the increase in movement time.
In summary, the kinematic differences identified in 
this study suggest that performance is differentially 
constrained by the practice schedule manipulation. 
Accordingly, the variability or redundancy inherent within 
the random and blocked practice schedules respectively is 
reiterated at the level of behavioral dynamics. While 
random practice requires a greater investment of energy
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during acquisition training, the trade-off is that is also 
leads to greater flexibility in movement production during 
retention and transfer testing. Blocked practice, on the 
other hand, requires a minimal investment of energy during 
acquisition training. The trade-off, however, is that this 
energy must be expended at a later time if the testing 
condition requires a degree of response flexibility.
These results are consistent with Newell & McDonald's 
(1992) contention that the practice schedule manipulation 
encourages subjects to either constrain their search of the 
perceptual-motor workspace to a narrow spectrum of kinematic 
information (e.g., blocked practice), or a broad spectrum of 
kinematic information (e.g., random practice). While there 
is some suggestion that learning differences might be 
attributed to how subjects are constrained to search their 
respective perceptual-motor workspaces, there is no direct 
evidence to support this view. This issue is the focus of 
Experiment 2, which specifically investigates the role that 
kinematic variability plays in the contextual interference 
effect.
Experiment 2
The results of Experiment 1 suggested that the practice 
schedule manipulation imposed differential constraints on 
performance, which in turn imposed differential constraints 
on information sampled within a subject's perceptual-motor 
workspace. While evidence supports the contention that 
kinematic variability underlies the learning differences 
associated with the contextual interference effect, it is 
indirect. A more compelling case would be made if the 
learning differences associated with blocked and random 
practice could be eliminated by holding kinematic 
variability constant during acquisition training. The 
rationale for creating a comparable level of kinematic 
variability between blocked and random practice conditions 
is that, should comparable levels of learning be also be 
observed, evidence that kinematic variability underlies 
the contextual interference effect would be obtained. 
Attributing learning differences to differences in kinematic 
variability established during acquisition training would 
favor a dynamic systems interpretation for the contextual 
interference effect. This is because at the heart of both 
cognitive-based models, contextual interference is 
contingent upon the randomization of movement tasks. For 
example, the elaboration-distinctiveness model developed by 
Shea and Zimny (1983) relies on the notion that random 
practice allows information related to each movement task to
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be represented simultaneously in working memory. While 
represented in working memory, information is compared and 
contrasted and it is the product of this processing activity 
that leads to the development of access routes. Assuming 
this processing activity is absent or limited under blocked 
practice conditions, it would be difficult for Shea and 
Zimny's model to accommodate learning benefits accrued 
solely on the basis of kinematic variability, because the 
critical element of randomization is missing.
Along similar lines, the randomization procedure in Lee 
and Magill's (1985) reconstruction model is assumed to 
create a high contextual interference state by forcing 
subjects to reconstruct the action plans responsible for 
movement production. Under the blocked practice condition, 
subjects are assumed to rely upon the solutions derived from 
previous task experience. Assuming blocked practice 
encourages subjects to engage in solution-based strategies 
during acquisition training, and that this strategy is 
responsible for the poor retention and transfer performance 
of subjects, Lee and Magill's (1985) reconstruction model 
would have difficulty accounting for a learning advantage 
gained solely on the basis of increased kinematic 
variability.
The proposed study seeks to extend the findings of 
Experiment 1 by comparing predictions from two cognitive- 
based models of the contextual interference effect with
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those of a dynamic systems model* To create a learning 
environment where movement variability is held constant 
across practice formats, it was necessary to modify the 
apparatus and how subjects were required to interact with 
it. This was accomplished by introducing target constraints 
within each movement pattern. For example, on a given 
series of same-pattern trials, subjects were required to 
modify their movement trajectories to accommodate the 
experimenter's instructions to strike different areas of 
each disk. In this way, kinematic variability could be 
increased artificially while maintaining the blocked or 
random order that the movement patterns themselves were 
practiced under.
The assumption was that given the opportunity to sample 
information they normally ignored, blocked practice subjects 
would yield retention and transfer performances similar to 
that produced under random practice conditions. This 
equivalence, in terms of what could be acquired from a 
search of the perceptual-motor workspace, is expected to 
occur if the practice schedule fails to cater to the 
intrinsic dynamics of the learner (i.e., conserve energy), 
and, this would be encouraged by forcing the learner to 
search beyond the boundaries of the most efficient movement 
pathway.
Assuming the constraints imposed by the target 
manipulation leads to an increase in kinematic variability
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and thus a broader search of the perceptual-motor workspace, 
it was predicted that subjects assigned to the variable 
target location condition would yield a retention and 
transfer advantage comparable to that of subjects assigned 
to a random practice schedule, but greater than that of 
subjects assigned to the constant target location presented 
under blocked practice conditions. It was unclear whether 
the additional variability established during random 
acquisition training would help or hinder retention and 
transfer performance.
Modifications to the apparatus made it necessary to 
complete data acquisition for the variable target condition 
en masse, although subjects were equally likely to be 
assigned to the blocked or random practice condition. Also, 
the data acquired for these subjects were compared to the 
data acquired from subjects assigned to the same practice- 
retrieval conditions in Experiment 1. Although this 
procedure may violate certain randomization requirements, it 
was assumed that the sample variances were the same because 
subjects were drawn from the same student population.
Because the same violation to randomization requirements 
would be committed regardless of whether the constant target 
condition was run prior to immediately following the 
variable target condition, it was considered unnecessary to 





Fourteen female undergraduate and graduate students 
(Age M-24.86, SD-7.13}, who were unfamiliar with the 
experimental apparatus, received course credit for their 
participation in this study. Prior to their participation, 
each subject signed consent forms. The performance of these 
subjects were compared to the performance of subjects from 
Experiment 1, who were assigned to the same practice- 
retrieval conditions.
Apparatus
The disk-tapping apparatus, video recorder, movement 
pattern diagrams, and motion analysis system used in the 
pilot study and Experiment 1 were used in the present study. 
Cardboard disks were glued to the surface of each target 
disk on the apparatus, except the start and stop disks. The 
cardboard disks were of the same diameter as the metal 
disks. On each cardboard disk, three openings (2 cm/sq) 
were created to expose different sections of the metal disk 
below (see Figure 7). Written above each opening was a 
number ranging from 1 to 3. The spatial configuration of 
the openings and number sequences written above them were 
identical across all disks. Subjects were required to make 
contact with the stylus tip on the exposed section of a 
disk. Failure to make contact with the correct portion of 
the disk was recorded as an error, and the trial was
Figure 7 Modification to diek-tapping apparatus 
depicting target location and movement 
trajectory for producing pattern b.
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repeated at the end of acquisition training for random 
practice subjects, or at the completion of all trials on a 
given pattern for blocked practice subjects.
Design
Subjects were randomly assigned to one of the practice 
conditions upon arrival to the testing room. Four 
experimental conditions with 7 subjects per group were 
created. The variable target groups are identified as 
blocked-random (V) and random-blocked (V). Subjects 
assigned to comparable practice-retrieval conditions in 
Experiment 1 who were free to strike anywhere on the disk 
surface (C-constant) were included in the present study and 
identified as blocked-random (C) and random-blocked (C). 
Procedures
As in the previous experiment, subjects were required 
to perform 108 practice trials distributed among the three 
different movement patterns (36 per pattern), under a 
blocked or random practice schedule. For a given movement 
pattern completed under blocked practice conditions, a 
subject was required to distribute her responses among the 
three target locations on each disk in a serial fashion.
For example, for a given movement pattern, the subject was 
instructed to strike each disk in the order specified by the 
diagram, but to restrict contact to the target location 
numbered "1". On the subsequent trial, the subject was 
instructed to restrict stylus contact to the target location
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numbered "2", and on the next trial, the target location 
numbered "3”. Thie procedure waa repeated across all 
acquisition trials for a total of 12 target strikes per 
pattern. Under the random practice condition, the target 
locations were distributed across blocks of three, so that 
for three consecutive patterns, stylus contact was 
restricted to the target location "1H, followed by three 
consecutive trials on target location M2", and three 
consecutive trials on target location "3".
Upon conclusion of the 10 minute retention interval, 
during which time subjects were seated outside the testing 
room and provided reading material, they were returned to 
the testing room and instructed to recall each pattern 
practiced during acquisition by drawing them on diagrams 
described in Experiment 1. The subjects were then 
transferred to the opposite retrieval conditions imposed 
upon them during acquisition training. Transfer testing was 
conducted using the same movement pattern diagram used in 
Experiment 1, which was introduced after subjects had 
completed retention testing. During both retention and 
transfer testing, subjects were instructed to make stylus 
contact anywhere on the surface of a disk and were provided 
no feedback concerning movement time. Movement production 
errors were repeated at the conclusion of retention testing.
As in Experiment 1, each dependent measure {MT and SD) 
was collapsed across three trials per pattern to create 12
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acquisition blocks, one retention block, and one transfer 
block* Five subjects from each experimental condition whose 
movement times deviated the least from the group mean were 
selected as the representative subjects from their 
respective groups.
Kinematic data of representative subjects were 
processed and analyzed using the Peak Performance Motion 
Analysis System. For each pattern, the first three and 
final three trials of acquisition and all retention and 
transfer trials were analyzed. Composite scores derived 
from the peak velocity and resultant displacement profiles 
from each trial were calculated, for a total of two 




Separate analyses were performed on Movement Time (MT), 
Standard Deviations (SD) of Movement Time, Errors and 
Resultant Displacement Variability (RD). Tests were based 
on a £<.05 level of significance. Where appropriate, 
sphericity violations were adjusted using the Greenhouse- 
Geisser Epsilon value. Tukey's HSD post hoc procedure was 
used to isolate differences, while the strength of 
significant effects was determined by calculating effect 
size (denoted as A) .
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Acquisition. The three factors included in this study 
yielded a 2 X 2 X 12 (Practice Schedule X Target Condition X 
Acquisition Blocks) design with repeated measures on the 
last factor. An Analysis of Variance performed on Movement 
Time (MT) data revealed significant main effects for both 
Practice Schedule, £(1,24)“7.63, A«.346, Target Condition,
E( 1,24)»19.29, A"1.128, and Acquisition Blocks,
F(5,112)«12.08, A".252. When adjusted for sphericity 
violations, interactions involving the Practice Schedule X 
Acquisition Blocks, £( 5,112)"1.47, and Target Condition X 
Acquisition Blocks, F(5,112)“1.043, failed to reach 
significance. Neither the Practice Schedule X Target 
Condition, F( 1,24)".00, nor the 3-way interaction between 
factors, f (5,112)".19, reached significance. As illustrated 
in Figure 8, while MT decreased as a function of Acquisition 
Blocks, random practice resulted in significantly slower MT 
than blocked practice across all levels of Acquisition 
Blocks. Similar results were found for the target 
manipulation, whereby the variable target condition produced 
significantly slower MT relative to the open target 
condition.
The 2 X 2 X 12 (Practice Schedule X Target Condition X 
Acquisition Blocks) Analysis of Variance performed on 
Standard Deviation (SD) data revealed a significant main 
effect for the Practice Schedule, F(1,24)"62.72, A".513.
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Figure 8. Movement time as a function of practice schedule, 
acquisition blocks, retention, transfer and 
target manipulation (C“constant;V*variable).
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Condition failed to reach significance, £(1,24)-l.57. The 
main effect of Target Condition, £(1,24)-.02, failed to 
reach significance. When adjusted for sphericity 
violations, Acquisition Blocks, £(7,156)-2.13, A— 1.18, 
reached significance. However, the two-way interactions 
involving Acquisition Blocks and Practice Schedule, and 
Acquisition Blocks and Target Condition, failed to reach 
significance, £(7,156) < 1.00. Finally, the three-way 
interaction involving all factors was not significant,
£(7,156)-.3. The main effect of Practice is illustrated in 
Figure 9, which shows that despite the target manipulation, 
blocked practice resulted in less MT variability relative to 
random practice. Tukey's post hoc procedure revealed that 
the greater MT variability associated with random practice 
was consistent across all levels of acquisition training.
Retention. Retention MT data were analyzed using a 2 X 
2 (Practice Schedule X Target Condition) Analysis of 
Variance. This analysis revealed significant main effects 
for both Practice Schedule, £(1,24)- 14.079, A-2.00, and 
Target Condition, £{1,24)-15.492, A-2.104. The Practice 
Schedule X Target Condition interaction, £(1,24)—12.037, 
also reached significance. Tukey's post hoc procedure 
isolated this interaction to the significantly slower MT of 
blocked practice subjects trained under the constant target 
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The 2 X 2  (Practice Schedule X Target Condition) 
Analysis of Variance performed on SD data revealed 
significant main effects for both Practice Schedule,
£( 1,24)-15.02, A-1.26, and Target Condition, £( 1,2)*12.19, 
A-1.92, which was qualified by their interaction,
F( 1,24)«6.38. As seen Figure 9, this interaction can be 
attributed to the greater SD of movement time recorded by 
subjects trained under blocked practice and constant 
conditions relative to subjects trained under random 
practice and/or variable target conditions.
Transfer. The 2 X 2  (Practice Schedule X Target 
Condition) Analysis of Variance conducted on MT obtained 
during transfer testing revealed significant main effects 
for Practice Schedule, F(l,24)-7.558, A-2.248, Target 
Condition, £(1,24)>6.293, A-2.02, as well as their 
significant interaction, £(1,24)*4.487. As with retention 
performance, the interaction can be attributed to the 
significantly slower MT of blocked practice subjects who 
trained under a constant target condition.
The 2 X 2  (Practice Schedule X Target Condition) 
Analysis of Variance performed on SD data during transfer 
testing revealed a significant effect for Practice Schedule 
alone, £(1,24)«5.43, A-1.97. The main effect of Target 
Condition, £(1,24)»3.32, and the interaction between Target 
Condition and Practice Schedule, £(1,24)*2.24, failed to 
reach significance. The Practice Schedule main effect
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indicates subjects trained under blocked practice conditions 
were less consistent than subjects trained under random 
practice conditions, however one should note this effect is 
largely due to the poorer performance of subjects trained 
under constant target conditions.
Performance Accuracy
Acquisition, retention and recall performance were 
assessed separately using 2 X 2  (Practice X Target 
Condition) Analysis of Variance procedures on percent 
correct. For acquisition performance, this analysis failed 
to reveal significant main effects for Practice Schedule,
£(1,24)-2.41, or Target Condition, F(1,24)>.208. The 
Practice Schedule by Target Condition interaction,
F(1,24)“1.34, also failed to reach significance. Thus, 
performance accuracy during acquisition training was not 
influenced by either the practice schedule or target 
manipulations.
Analysis of retention accuracy revealed a significant 
main effect for Practice Schedule alone, £(1,24)—7.23, 
A-1.96. The main effect of Target Condition, F(l,24)«.40, 
and the interaction between Practice Schedule and Target 
Condition, £( 1,24)-.35, failed to reach significance. The 
Practice Schedule main effect, when considered in light of 
Figure 39, appears to be largely due to the poor performance 
of blocked practice subjects assigned to constant target 
condition. Subjects trained under a blocked practice but
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variable target condition yielded retention scores 
comparable to those produced by subjects trained under the 
random practice format.
Analysis of recall performance yielded a significant 
main effect of Target Condition, £(1,24)*4.96, 4“1.96. The 
main effect of Practice Schedule, £(1,24)*2.77, and the 
Practice Schedule by Target Condition, £<1,24)«.32, failed 
to reach significance. Once again, the poorer recall 
performance of subjects trained under the blocked practice 
and constant target condition appears to have contributed to 
the Target Condition main effect.
Movement Kinematics
The displacement profiles of a representative subject 
from each practice and target condition group were plotted 
to demonstrate the relative kinematic differences associated 
with the target manipulation. As seen in Figure 10, the 
extrinsic variability associated with manipulating target 
endpoint during blocked practice resulted in greater 
movement path variability relative to the constant target 
condition.
Under random practice conditions (see Figure 11), a 
similar level of movement path variability was obtained 
regardless of target condition. These qualitative 
differences are less evident during retention and transfer 
testing, although analysis of the variability scores derived
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Figure 10. Displacement-displacement profiles of the first 
three and final three trials of acquisition, 
three trials of retention and three trials of 
transfer as a function of blocked practice 
and target manipulation (C«constant;V*variable)
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Figure 11. Displacement-displacement profiles of the first 
three and final three trials of acquisition, 
three trials of retention and three trials of 
transfer as a function of random practice and 
target manipulation (Oconstant ;V«variable) .
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from the kinematic data indicate that differences do in fact 
exist.
Acquisition. Pre-planned multiple comparisons were 
conducted on Mean Resultant Displacement Variability 
(RD)data using Scheffe's method, with the a priori 
prediction that random practice and/or the variable target 
condition would result in greater kinematic variability than 
would blocked practice under the constant target condition. 
For each block of acquisition, the mean of blocked practice 
subjects who trained under the constant target condition 
were compared to the mean of all remaining groups. For 
Block 1, F(3,18)«3.401, blocked practice under constant 
target conditions resulted in significantly less kinematic 
variability than did the combined kinematic variability of 
random practice and blocked practice subjects who trained 
under variable target conditions. During the later stages 
of acquisition training, kinematic variability was 
comparable across groups, F{3,18)-1.811. As Figure 12 
reveals, the absence of significant differences during the 
late stages of acquisition training may be attributed to the 
decrease in the kinematic variability of random practice 
subjects who trained under the variable target condition.
Retention. Retention RD was submitted to a 2 X 2 
(Practice Schedule X Target Condition) Analysis of Variance, 
revealed no significant main effect for Target Condition,
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the Practice Schedule, £(1,16)>4.62. The main effect of 
Practice Schedule, £(1,16)-4.160, A-1.61, approached but did 
not reach significance, £<*.058. Post hoc analysis of the 
interaction term revealed significant differences between 
the two groups trained under the constant target condition, 
with random practice resulting in less kinematic variability 
during retention testing than blocked practice (see Figure 
12). The two groups trained under variable target 
conditions were intermediate between the latter groups, but 
did not differ significantly from each other.
Transfer. The 2 X 2  (Practice Schedule X Target 
Condition) Analysis of Variance performed on transfer 
performance revealed no significant main effects for either 
Practice Schedule, F(1,16)>3.09, or Target Condition, 
F(l,16)>4.3, nor their significant interaction,
£(1,16)*4.23. However, the Target Condition main effect did 
approach significance, £>.057.
Discussion
Experiment 2 was conducted to determine whether the 
learning differences associated with the contextual 
interference effect could be attributed to differences in 
kinematic variability. Kinematic variability was introduced 
into blocked practice by requiring subjects to modify their 
trajectories for a given movement pattern. It was 
hypothesized that this extrinsic source of movement 
variability would encourage subjects to sample a wider range
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of the available information within the perceptual-motor 
workspace, thereby increasing subjects' opportunity to 
develop flexible search strategies. The results suggest 
that the learning associated with random practice may be a 
product of the variability inherent within the practice 
schedule itself, and not entirely the product of different 
cognitive mediating strategies.
As expected, random practice resulted in greater 
kinematic variability and slower NT during initial stages of 
acquisition training relative to blocked practice. The 
results also indicated that the variable target condition 
had a similar influence on performance that random practice 
did, in that blocked practice subjects who trained under 
variable target conditions yielded greater kinematic 
variability and slower MT relative to blocked practice 
subjects trained under constant target conditions. Despite 
the slower MT associated with the variable target condition, 
subjects were still influenced by the redundancy (or lack 
of) inherent within their respective practice schedules, 
with blocked practice yielding significantly less variable 
MT than random practice (e.g., SD scores).
The critical comparison, however, was the effect this 
increase in kinematic variability had on learning. While 
analysis revealed that no additional learning benefits were 
associated with increasing the kinematic variability already 
inherent within the random practice schedule, there was a
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clear learning benefit for subjects trained under blocked 
practice conditions* Not only were subjects in the variable 
target condition able to execute the practiced responses in 
significantly less time than subjects trained under the 
constant target condition, they were able to do so with less 
kinematic variability.
The same results were found when transfer performance 
was analyzed, in that the target manipulation appears to 
have benefitted only the performance of subjects assigned to 
the blocked practice schedule* For those subjects trained 
under random practice conditions, the target manipulation 
had little effect on subjects' ability to perform a novel 
version of the practiced tasks, suggesting a limit to the 
benefits kinematic variability has on response 
generalizability.
Taken together, the results suggest that the kinematic 
variability associated with the extrinsic characteristics of 
the task underlies the contextual interference effect. 
Because kinematic variability is assumed to be a product of 
different search strategies, the suggestion is that learning 
differences are a function of the information subjects are 
constrained to sample within the perceptual-motor workspace. 
These results point favorably towards movement variability 
as the locus of the contextual interference effect, and in 
so doing, forces us to reconsider one major assumption
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underlying cognitive-based interpretations of this 
phenomenon.
It was noted earlier that a learning advantage gained 
in the absence of randomizing task order would argue against 
a strict cognitive interpretation of the contextual 
interference effect. This is because the learning 
differences associated with the practice schedule 
manipulation rely on the randomization of task order as the 
condition necessary for both the reconstruction of action 
plans and elaborative processing. Evidence suggests this is 
not necessarily the case. For example, it would be 
difficult to attribute the learning advantage associated 
with the target manipulation to elaborative processing, 
because elaborative processing is contingent upon there 
being information relevant to each movement pattern being 
represented in working memory simultaneously. Because the 
patterns were practiced in a blocked format, information 
relevant to only the practiced pattern would be represented 
in working memory at any given time. Therefore, the 
conditions necessary to promote elaborative processing were 
not present. At most, the target manipulation would lead to 
greater distinctive processing, which according to Shea and 
Zimny's (1983) model, would not lead to the response 
flexibility exhibited by the blocked practice subjects in 
Experiment 2.
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Likewise, it would be difficult to attribute the 
learning advantage obtained here to Lee and Magill'e (1985) 
reconstruction model. As with Shea and Zimny's model, the 
reconstruction model assumes that learning is contingent 
upon the randomization of task order, which according to Lee 
and Magill (1985), promotes forgetting. It is because 
subjects forget an action plan for a movement pattern that 
necessitates their having to reconstruct it on subsequent 
task repetitions. The blocked practice format, however, 
does not meet the conditions necessary to promote forgetting 
and therefore, it is unlikely subjects in the variable 
target condition had the need to reconstruct action plans.
An alternative interpretation for the results of 
Experiment 2 is that the target manipulation created a 
sufficient level of contextual interference to promote 
learning. While the contemporary view is that a high state 
of contextual interference is necessary to promote learning, 
this view has recently been challenged by Seyika, Magill, 
Sidaway and Anderson (1994), who found evidence to the 
contrary.
Counter to predictions made by Magill and Hall (1990), 
the Sekiya et al. (1994) study demonstrated that the degree 
of contextual interference necessary to promote learning 
could be generated by having subjects modify the parameters 
underlying the same motor program, rather than having 
subjects alternate between different motor programs. In the
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present study, for a given movement pattern, the target 
manipulation involved a serial distribution of responses to 
particular target locations. This would most certainly 
require the re-parameterization of the motor program, and 
according to Seyika et al. (1994), would result in a 
sufficient level of contextual interference to promote 
learning. While it is unclear whether the target 
manipulation would require modifications to one or more 
parameters underlying a single motor program, by providing a 
converging line of support to Sekiya et al.'s (1994) 
findings, the present study joins the authors in questioning 
the role of contextual interference in motor skill 
acquisition. More importantly, it underscores the need to 
modify cognitive-based theories of contextual interference 
to incorporate concepts central to motor control (i.e., 
motor programming).
General Discussion
The goal of Experiment 1 was to identify kinematic 
differences in the performance output of subjects who 
practiced under a blocked or random practice schedule* The 
theoretical basis for expecting these differences was 
grounded in the assumption that constraints imposed by the 
extrinsic demands of the task (e.g., blocked vs. random) 
would be reiterated by the intrinsic dynamics of the actor 
(e.g., consistent vs. variable).
Quantitative analysis of kinematic variability 
indicated performance was differentially constrained by the 
practice schedule manipulation, with random practice and 
retrieval conditions resulting in greater kinematic 
variability than blocked practice and retrieval conditions. 
Thus, in addition to conventional measures of learning, the 
contextual interference effect could also be identified at 
the level of movement behavior. This finding laid the 
groundwork for conducting Experiment 2.
Because kinematic differences were accompanied by 
learning differences, it was hypothesized that modifications 
to the task environment would influence the search 
strategies subjects developed during the course of 
acquisition training. Therefore, the goal of Experiment 2 
was to create a learning environment that held kinematic 
variability constant across blocked and random practice and 
determine whether comparable levels of kinematic variability
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led to comparable levels of learning. The results suggest 
that when blocked practice subjects are given the 
opportunity to expand their search of the perceptual-motor 
workspace, learning is enhanced.
While there are practical implications with respect to 
this finding, there are also a number of theoretical 
implications. First, because blocked practice yielded 
comparable learning to random practice, one is forced to 
question the role task order plays in the contextual 
interference effect. Aside from increasing the kinematic 
variability associated with performing a movement pattern, 
the practice schedule manipulation was the same as that used 
in previous contextual interference studies. If task order 
is the critical element underlying the contextual 
interference effect, as cognitive-based models assume, then 
one would expect the target manipulation to have little 
effect on learning. This was not the case. In fact, the 
target manipulation had the same effect on learning as the 
randomization of task order did. Second, the assumption 
that a high level of contextual interference is necessary to 
promote learning is at odds with the results of Experiment 
2, which at best, generated a low level of contextual 
interference by introducing the target manipulation {i.e., 
Sekiya et al., 1994). While the issue may be one of simple 
definition (e.g., "low" vs. "high" contextual interference),
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it is difficult for either the reconstruction or elaboration 
models to accommodate these findings.
This thesis represents an initial step in the process 
of interpreting motor skill acquisition from a dynamic 
systems perspective. In accounting for the contextual 
interference effect from a task oriented perspective, Newell 
and McDonald (1992) speculated that differences in learning 
were the result of differences in the search strategies 
developed to meet task demands. They did not, however, 
speculate on why this should occur. Although additional 
studies are necessary before arriving at any definitive 
answers to this question specifically, and motor skill 
acquisition in general, there is evidence to suggest that 
the search strategies generated by individuals learning 
different movement patterns are intrinsically bound to the 
dynamics of the practice schedules themselves. While 
blocked practice caters to the individual's preference to 
conserve energy, the result is a fairly rigid set of search 
strategies. Random practice forces the individual to search 
beyond the boundaries of any specific movement pattern, 
resulting in flexible search strategies. Learning, then, 
could be construed to be a function of how much information 
individuals have access to during acquisition training, and 
not necessarily how they use it. This is because the amount 
of information individuals have access to is a function of 
how that information was accessed in the first place {e.g.,
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a broad vs. narrow search of the perceptual-motor 
workspace). The implication is that the organization of 
practice is irrelevant, providing the individual is given 
the opportunity to sample information he/she is not 
predisposed to sample when left to his/her own devices. The 
practical implication that follows from this assumption 
bears directly on the optimization of practice*
With the exception of subjects assigned to a serial 
practice condition (i.e., Lee & Magill, 1983), the 
contextual interference effect is typically demonstrated by 
the poor acquisition, but superior retention and transfer 
performance, of random practice subjects. As the results of 
Experiment 2 show, however, blocked practice may have the 
same beneficial influence on learning without the 
performance deficits normally associated with random 
practice. By merging the performance advantage associated 
with blocked practice, with the learning advantage 
associated with random practice, the practice session itself 
may be optimized in terms of both time and energy. The 
present findings suggest that this optimal situation may be 
achieved by modifying how individuals interact with their 
task environment. In order to do so, however, it is first 
necessary to determine what behavioral dynamics emerge 
naturally as a consequence of task constraints.
The direction of future research should focus on issues 
related to the process of skill acquisition {i.e., Newell &
McDonald, 1992) rather than to its product. A dynamic 
systems orientation is suited to this endeavor because it 
addresses learning as an interaction between environmental 
constraints and individual preferences. While researchers 
acknowledge certain environmental characteristics are more 
conducive to learning than others, the environment has often 
been overlooked as an important factor in motor skill 
acquisition.
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Appendix A 
Extended Review of the Literature
Proponents of an executive model of motor skill 
acquisition share the common notion that motor skill evolves 
from a reduction in the information-processing requirements 
associated with the to-be-learned movement (i.e. Fitts, 
1964; Fitts & Posner, 1967; Gentile, 1972). This view has 
been challenged, however, by proponents of dynamic systems 
theory, who view the learning process as a search for the 
optimal task solution (Newell, 1985). At the heart of 
dynamic systems theory is the assumption that task solutions 
are intrinsically bound to the task environment; the 
implication being that "learning" involves a process of 
acquiring laws inherent within the actor's environment 
(Saltzman fc Kelso, 1987).
Dynamic systems theory differs from traditional 
theories of information-processing in one important respect; 
it places locus of skill acquisition at a peripheral rather 
than at a central level of control. In effect, dynamic 
systems theory proposes learning is a function of an 
organism's sensitivity to the task environment, rather than 
a function of that organism's cognitive mediating 
strategies. The goal of dynamics systems research is to 
identify task-intrinsic variables that impinge on the 
performer (Newell, 1989) and establish rules that describe 
the emergent behavior (Zanone & Kelso, 1990; Zanone & Kelso,
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1991). This view lends itself well to the study of motor 
skill acquisition because it not only provides a means of 
identifying the dynamics that underlie motor behavior, it 
provides an objective means of assessing it (Richardson, 
1985). As such, dynamic systems theory offers an insight 
into motor skill acquisition that has previously been 
inaccessible to the more traditional information-processing 
research techniques.
As yet, proponents of dynamic systems theory have 
failed to address the empirical findings garnered from 
studies driven by information-processing models. In the 
past, this may have been due to the absence of a research 
protocol from which to develop a common basis of comparison. 
Although recent technological advances have removed this 
barrier, interest in this field of inquiry has been minimal. 
This lack of interest, according to Reed (1987), stems from 
the assumption that the issues addressed by each theoretical 
camp are completely unrelated. Indeed, Schmidt (1988) 
suggests that the points of view expressed by each 
perspective "are about different things, and thus comparing 
them may not be particularly meaningful" (p. 13). For 
instance, while the information-processing approach seeks to 
identify the "laws of learning", the dynamic systems 
approach seeks to identify how the organism "learns the 
laws" intrinsic to the task environment (Vereijken, 1992).
As Reed (1987) points out, however, these two approaches
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ultimately have the same goal in mind, which is to 
understand the evolution of skilled motor behavior* From a 
practical perspective, a clearer understanding of the 
processes involved in skill acquisition may make it possible 
to identify factors responsible for learning differences; in 
particular, those associated with different practice 
regimes.
While both information-processing and dynamic systems 
perspectives acknowledge the important role practice plays 
in motor skill acquisition, the learning differences 
associated with various practice regimes have been examined 
solely within an information-processing framework. For 
example, researchers interested in the advantages of massing 
and distributing practice over time (Massed-Distributed 
practice regime), or identifying the point of diminishing 
returns with respect to the magnitude of practice, have 
typically generated and tested their hypotheses under the 
assumptions associated with information-processing theory. 
Generally, the observed learning differences have been 
attributed to qualitative differences in the types of 
cognitive operations or processing activities the learner is 
engaged in during the practice session. Based on the 
assumption that the underlying movement dynamics objectively 
measures what is "learned", we could speculate that the 
learning differences associated with different practice 
regimes might best be described in terms of how the
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task-intrinsic information conveyed by each practice 
condition led to the development of different task solutions 
(Newell & McDonald, 1992). Whether the acquired action 
satisfied the goals of the task may ultimately be related to 
whether the task constraints imposed on the organism led to 
the optimal task solution. The emergence of a novel 
paradigm from which to examine motor skill acquisition has 
done little to advance our knowledge of learning, primarily 
because dynamic systems theorists have yet to derive an 
empirical basis from which to examine learning differences; 
especially those associated with the various practice 
conditions. Indeed, the focus of dynamic systems research 
has been directed towards describing motor behavior, with 
little or no consideration directed towards explaining it. 
The present review attempts to overcome this limitation by 
re-evaluating skill acquisition from a dynamic systems 
perspective. Specifically, the goal of this review is to 
offer an alternative interpretation for the learning 
differences associated with various practice regimes. Seen 
through a dynamic systems perspective, it may be possible to 
shed light on the factors responsible for skill acquisition 
differences.
To accomplish this goal, this review is organized into 
two major sections. First, the theoretical backgrounds of 
both information-processing and dynamic systems perspectives 
are presented. Because information-processing is discussed
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extensively elsewhere (i.e. see Adams, 1987), this review 
focuses on only the major concepts incorporated within this 
theoretical model. Further, rather than compare these 
perspectives directly, each model is developed individually 
to provide a consistent framework from which to examine the 
influence of different practice regimes. Second, three 
practice regimes are examined from both theoretical 
perspectives. These three regimes are whole-part practice, 
distribution of practice and, practice variability. It 
should be noted that the studies presented in this review 
were selected on the grounds that their findings are easily 
accommodated by both theoretical perspectives, and in no way 
represents a comprehensive review of the existing 
literature. At the conclusion of this review, discussion 
focuses on several theoretical issues which may serve as the 
basis for future research.
A Review of Two Paradigms 
The Information-Processing Perspective
Central to the understanding of information-processing 
is the notion that, like computers, information (input) and 
behavior (output) are mediated by an executive control 
mechanism. Secondly, the model assumes that the amount of 
information that can be processed and attended to is 
limited. Performance thus emerges as the behavioral 
consequence of the cognitive operations performed on 
information attended to in the environment and information
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represented centrally in the form of "programmes" or 
"schemata" (i.e. van Wieringen, 1988). The more automated 
these components of information-processing become, the more 
"reflexive” the response (Fitts & Posner, 1967) . The 
critical features of the motor-programming or schemata 
concepts are (a) movements may be prepared prior to their 
execution on the basis of prior stimulus events and (b) the 
sensory consequences of a movement are used to modify 
subsequent movement production attempts (Schmidt, 1988).
The assumption is that if the organism expects to acquire 
the appropriate movement pattern, there must be some means 
of evaluating the "correctness" of the movement it produced, 
and, this can only be achieved if behavioral antecedents are 
"remembered". As van Wieringen (1988) puts it, "internal 
representations of the movement patterns to be mastered play 
an important role as references of correctness" (p. 113), 
and without such representation, learning could not occur.
With practice, one assumes that certain processing 
stages are simply by-passed, the cognitive operations become 
automated, or the organism's ability to selectively attend 
to relevant stimulus events is enhanced. Whether one 
chooses to define learning in terms of the "correctness" of 
requisite motor programmes or schemata, the theoretical 
basis for much of the early work involved in motor skill 
acquisition was grounded in the assumption that the 
acquisition process involved transitions across different
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learning stages (i.e. Fitts, 1964; Fitts 4 Posner, 1967; 
Gentile, 1972). During the initial stage of learning, 
practice served to establish a plan of action that was 
sensitive to the goals of the task (Gentile, 1972). While 
intercepting a ball, for example, Gentile noted that "the 
ball and its flight pattern determine the organization of 
the motor pattern which will be effective" (p. 5). The 
difficulty, from the novice's perspective, lies in his 
ability to selectively attend to and process the regulatory 
stimuli presented in the environment, select and execute the 
appropriate motor action, and evaluate its outcome. Because 
processing resources are limited, the plethora of 
information the novice must process places a heavy demand on 
central resources; providing the rationale for deeming this 
learning stage cognitively demanding (Fitts & Posner, 1967).
The model developed by Fitts (1964) incorporated an 
intermediate or "associative" stage, where "old habits which 
have been learned as individual units during the early phase 
of skill learning, are tried out and new patterns begin to 
emerge” (Fitts & Posner, 1967, p. 12). During the final or 
"autonomous" stage of skill acquisition, Fitts and Posner 
(1967) equate movement execution to a reflex, wherein they 
suggest the motor act is no longer under conscious control. 
The reduction in processing activity associated with this 
stage in turn allows the subject to direct attention towards 
other activities. As a final learning stage, Gentile (1972)
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proposed a different interpretation by suggesting the 
learner refines/modifies an established motor pattern 
according to the dictates of the task environment. Under 
"closed" environmental conditions, where the regulatory 
stimuli controlling one's actions are constant or 
predictable, practice serves to refine a specific motor 
pattern. On the other hand, "open" environmental conditions 
present the learner with a variety of regulatory stimuli. 
Under these conditions, practice serves to generate a 
repertoire of motor patterns by building on the foundation 
of one laid down during the early stage of learning.
Despite the structural differences, the models proposed 
by Fitts and Gentile shared a common element; both assumed 
information-processing demands diminished as a function of 
practice. According to Fitts (1964) and Gentile (1972), the 
ability to precue the appropriate motor pattern on the basis 
of earlier environmental input represented skilled motor 
behavior. However, as Gentile (1972) noted, the level of 
skill attained is determined, in part, by whether the 
performance objective was a specific motor pattern or a 
repertoire of motor patterns. A practice regime sensitive 
to these different movement goals would greatly facilitate 
the acquisition process. The efficacy of a practice regime 
is further determined by whether the behavioral components 
underlying the skill are independent or highly inter-related 
(Fitts, 1964). The success of a practice regime, in terms
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of how well it prepares the actor to respond appropriately, 
thus depends on both the characteristics of the skill to be 
learned and the environmental conditions under which it is 
to be performed. These concepts are developed more 
extensively when information- processing is discussed in 
relation to the various practice regimes selected for this 
review *
In contrast to the information-processing perspective, 
dynamic systems theory postulates a more direct relationship 
between the environment and the actor. Here, behavior is 
more a function of mapping the actor's natural coordinative 
structures to the dictates of the task, than to a centrally 
generated pattern of efferent commands {Reed, 1988).
The Dynamic Systems Perspective
To describe motor behavior, motor behaviorists need 
only identify what environmental constraints impinge on the 
organism and how the organism's intrinsic dynamics adapt to 
those constraints (Richardson, 1985). The assumption is 
that the temporal and spatial characteristics of a movement 
reflects how much energy was invested into the production of 
the movement, which in turn, describes the efficiency of the 
action (Solomon, 1988). The actor, on the other hand, is 
constrained to produce only those movements that approximate 
those that meet the demands of the task. For example, in 
their review of coordinated behavior, Jeka and Kelso (1989) 
note that in spite of an immense behavioral repertoire to
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choose from, we tend to organize our behavior around the 
demands of the task. This task specificity has even been 
demonstrated in the adaptive stepping patterns of young 
infants suspended above a moving treadmill, even though they 
lack the neuromuscular development to generate unassisted 
bipedal locomotion (Thelen, 1989; Kamm, Thelen & Jensen, 
1990; Thelen & Ulrich, 1991). Findings such as these 
suggest that for many motor activities, certain components 
of coordination emerge spontaneously as a function of task 
or environmental constraints. Under these circumstances, 
acquiring skilled action involves a process of "fine-tuning" 
the behavioral dynamics intrinsic to these task constraints 
(Newell, 1985). On the other hand, we possess a degree of 
behavioral flexibility in that we are also capable of 
generating activities that are not explicitly dictated by 
environmental constraints. That is, we have the capacity to 
"learn" novel behaviors based on the specific goals of a 
task (i.e. Zanone & Kelso, 1990; 1992).
To address motor behavior from a dynamic systems 
approach, research has been directed first towards 
identifying constraints on action (e.g. Saltzman & Kelso, 
1987; Turvey, Rosenblum, Schmidt & Kugler, 1986), and 
second, the emergent dynamics of consequent behavior (e.g. 
Kelso & Kay, 1989; Zanone 6 Kelso, 1991). After these 
issues have been resolved, one can then focus on how
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practice serves to optimize the dynamics to produce skilled 
action (Newell, 1965; Newell & McDonald, 1992).
Constraints on action. When viewed within the context 
of its environment, behavior is seen as functionally 
specific units of activity (Saltzman & Kelso, 1987). 
Information in the environment, defined as the task space, 
operates as a natural coordinate system where objects are 
represented on a two-dimensional surface (Soechting, 1989). 
The location of these objects within the task space 
constrain the units of behavior to act as "special purpose 
devices" (Saltzman & Kelso, 1987). Implicit within this 
view is the notion that many task spaces elicit movement 
topologies that can be modelled after the dynamics of the 
pendulum (Turvey, et al., 1986; Schmidt & Turvey, 1989) and 
mass-spring systems (Kay, 1988; Kelso & Kay, 1989). The 
energetics of these systems are described as low-dimensional 
point or period attractors; where the optimal relationship 
between potential and kinetic energy yields a preferred 
end-point (mass-spring system) or period of oscillation 
(pendular system), regardless of either system's initial 
position. If one were to construct a phase-diagram of 
pendular activity (i.e. displacement-velocity profile), this 
preferred state would be seen as a stable orbit. The 
dynamics of this behavioral attractor "draw" trajectories 
arising from different initial positions to converge upon 
this attractive state. On the other hand, a phase-diagram
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of the mass-spring system reveals a point attractor that 
reflects the tendency of trajectories to converge upon a 
stable static state (Kay & Kelso, 1989; but see Newell, 
Kugler, Van Emmerick & McDonald, 1989, for a review of the 
dynamics of other attractor states).
In principle, the dynamics of these systems can be 
used to model a number of different motor activities. For 
example, in a discrete reaching task, the task space is 
defined as the two-dimensional point attractor of a mass- 
spring system (Saltzman & Kelso, 1987). Here, the dynamics 
of the mass-spring are constrained by the task space to 
produce a straight-line trajectory, with the end point or 
target representing a static stable state (Kay, 1988; Kelso 
& Kay, 1989). In bipedal locomotion, the task space is 
defined as a coupled period (Turvey et al., 1989; Schmidt & 
Turvey, 1989). Here, the natural periods of two pendular 
systems are coupled to produce a virtual system possessing a 
unique period; thus constraining the many degrees of freedom 
associated with coordinating each pendulum (or limb) 
separately, into a manageable few. The logic behind 
behavioral attractors is that the total amount of energy 
required to coordinate the sub-systems separately (i.e. 
segments of a limb) can be minimized by distributing it more 
efficiently across a virtual system (Turvey, et al., 1986) 
or, in the case of a mass-spring system, by damping out the 
small oscillations in a movement that "consumes" more energy
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than is needed to attain the goal (Solomon, 1988). The 
topology of behavioral attractors simply reflects the 
system's preference to minimize energy expenditure, and this 
can only be achieved if the system is sensitive to the goals 
of the task.
The tacit assumption is that for many motor activities, 
the organization imposed on the various units of behavior 
(i.e. the "order parameters" or coordinative structures) 
emerge naturally from task space topologies. Further, the 
dynamics underlying theBe coordinative structures impose 
their organization by "drawing" the units of behavior 
towards attractor states. However, by suggesting that 
behavior is constrained, one also implies that behavior 
lacks complexity or flexibility (Soechting, 1989); qualities 
that often distinguish skilled from unskilled behaviors 
(Saltzman & Kelso, 1987; Vereijken, 1991). The question 
then, is how one generates behavioral complexity in a system 
that is inherently constrained (e.g. task specific).
Regulating behavior. By definition, the task space 
topology dictates how the behavioral units underlying the 
task are organized. Regulating the spatiotemporal 
characteristics of these units, however, is a function of 
the "control parameters" intrinsic to the behavioral 
attractors (Newell, 1985). Like the slope of a gradient 
field, "control parameters" dictate the energetics of a 
system. In the reaching task for example, different
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apatiotemporal characteristics may be generated by changing 
a single parameter; the stiffness coefficient of the 
mass-spring system (Kelso & Kay, 1989). This is due to 
covariation between movement amplitude and movement 
duration, where variations across one dimension (i.e. space) 
automatically leads to variations along the other dimension 
(i.e. time) (Kelso, 1982; Saltzman & Kelso, 1987; see Meyer, 
Smith, Kornblum, Abrams & Wright, 1989, for a complete 
review). The apatiotemporal relationship is considered 
stable if the topology of the attractor is maintained across 
tuning variations of the control parameters or after minor 
perturbations to the system* The ability to maintain 
behavioral integrity in spite of minor perturbations or 
tuning shifts lends the organism a great deal of behavioral 
flexibility. However, beyond some critical point within the 
range of parameterization values, an abrupt change in the 
attractor topology may be observed; driving the consequent 
behavior towards a new attractor possessing a unique 
topology or coordinative structure of its own (Kelso & Kay, 
1989).
This characteristic of tuning has been demonstrated in 
the control of a rhythmic bimanual motor task (e.g. Kelso, 
Scholz & Schoner, 1986; Scholz, Kelso & Schoner, 1987; and 
Kelso, Scholz & Schoner, 1988). The object of the task was 
to maintain an asynchronous (out-of-phase) flexion-extension 
pattern of the index fingers in time with a metronome.
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Incrementing the frequency of oscillations across a range of 
parameter settings did little to disrupt this asynchronous 
movement pattern, suggesting that the movement topologies 
were attracted to a particular behavioral attractor.
However, at a critical frequency of oscillation, there was a 
spontaneous shift or "phase transition" to a synchronous 
(in-phase) movement pattern (Kelso et al., 1987). This 
finding suggested that movement complexity within a 
particular task space may be attributed to the tuning 
characteristics of a single parameter (Kelso et al., 1986). 
However, as noted by Kelso and Kay (1989), this does not 
explain why a particular apatiotemporal pattern within a 
task space topology is selected over another* In effect, 
given the behavioral dynamics underlying a single task space 
topology and the behavioral complexity these dynamics may 
generate, how does the organism evoke the correct 
Bpatiotemporal pattern(s)? The issue of skill acquisition 
(i.e. "learning") is addressed in the following discussion.
Acquiring skill. Converging ones' actions on the 
attractor topology intrinsic to the task space is the first 
step involved in the acquisition of skill (Newell, 1989; 
Vereijken, 1991). This process, according to Newell,
Kugler, van Emmerik and McDonald (1989), involves an 
exploration of the perceptual-motor workspace; the domain 
where the "kinematics of information ("what" to do) 
[interacts with] the kinetics of action ("how" to do it)"
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(p. 56). While not explicitly stated by Newell and McDonald 
(1992), the process of acquiring skill appears to involve 
two search strategies. During early stages of learning, an 
exploratory search serves to identify the attractor layout 
or gradient and stable regions of the workspace topology 
(Newell et al., 1989). By doing so, the actor discovers 
"what" units of behavior should be organized, i.e. how to 
coordinate action. However,
during later stages of learning, the search focus becomes 
much narrower, with the actor seemingly intent on learning 
"how" to exploit the dynamics intrinsic to the attractor 
layout. Thus, the second step in skill acquisition involves 
regulating the "control parameters" underlying the 
coordinative structure (Newell, 1985).
One of the assumptions of dynamic systems theory is 
that given environmental constraints on action, the organism 
adopts the most efficient movement pattern that satisfies 
the goal of the task. However, even when the task space 
topology is quite explicit, coordinating the units of 
activity is dependent upon whether the goals of the task are 
compatible with the dynamics that would have emerged 
naturally from the task space topology. Citing an example 
from Tuller, Turvey and Fitch (1982), skilled marksmen can 
be distinguished from novices in two respects. First, while 
skilled marksmen restrict movement of their centers of 
gravity by "freezing" postural muscles, novices tend to show
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a great deal of oscillatory movement around their centers of 
gravity. Second, skilled marksmen compensate for movement 
in the wrist joint by matching it with an equal and opposite 
movement of the shoulder joint. In contrast, novices tend 
to either follow a movement at one joint by producing a 
similar movement at the other joint or they "freeze" 
movement at the shoulder joint but allow the wrist joint to 
oscillate.
Insofar as marksmanship is concerned, novices differ 
from experts by the degree of constraint they exhibit over 
units of behavior that should be flexible, and the degree of 
variability they exhibit over units of behavior that should 
be constrained. One must question, however, whether novices 
differ from experts in terms of coordination or control. 
Although Tuller et al. (1982) suggest differences reside in 
how the units of behavior are coordinated, it is also 
possible that differences can be attributed to how well the 
dynamics underlying the natural coordinative structure are 
controlled. Assuming that the task space topology of aiming 
a gun consists of a coupled pendulum, where the body 
represents one pendulum and the limb another, both novices 
and experts can be described as possessing the requisite 
behavioral units and thus attractor layout. What differs 
then between the respective skill groups, is not how well 
the units of behavior are organized, but rather, how well 
the movement topologies associated with an existing
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organization converge upon the attractor layout. In other 
words, novices can be distinguished from expert marksmen in 
terms of how well they regulate the "control parameters" 
intrinsic to this task*
Being sensitive to the attractor layout, novices would 
benefit from practice by simply narrowing their search 
through the perceptual-motor workspace to fine-tune the 
dynamics underlying this task (i.e. Newell, 1985; 1989). As 
with the "virtual" system created by coupling two pendular 
systems (i.e. Turvey et al., 1986), fine tuning the control 
of aiming might be achieved by damping out the oscillations 
that lead to variability around the behavioral units that 
should be constrained, i.e. the center of gravity, and 
perhaps by increasing the gain around the behavioral units 
that should be flexible, i.e. the shoulder and wrist 
segments. The important point here is, rather than practice 
serving to establish the appropriate coordinative structure 
necessary to perform the task, practice would serve to 
engender stability around the behavioral units that 
spontaneously emerge from the task space topology, i.e. a 
coupled pendulum.
A different state of affairs occurs when the 
behavioral pattern and hence, the attractor layout, is 
incompatible with that dictated by the novelty of the task 
space topology (Zanone & Kelso, 1990, 1992). Here, the 
actor may be required to engage in an extensive and
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broader-baaed exploration of the perceptual-motor workspace 
in order to derive a more compatible coordinative structure. 
This search in turn may lead to the creation of an entirely 
new attractor layout (Vereijken, 1991; Whiting 6 Vereijken, 
1992). The behavior demonstrated by novices performing a 
ski simulation task is consistent with this view (Vereijken, 
1991; Whiting & Vereijken, 1992). That is, the required 
coordinative structure is no longer "spontaneous", it is 
"learned”.
For example, in the bimanual flexion-extension task 
presented earlier, Kelso et al. (1987) found that the 
natural attractor layout of the task space topology 
consisted of two attractor states, one existing when the 
phasing relationship between index fingers was at 180 
degrees (out-of-phase) and another existing when the phasing 
relationship was at 0 degrees (in-phase). When subjects 
were constrained to produce a 90 degree phasing 
relationship, the movement topology, as revealed in 
phase-plane portraits, was initially unstable. This 
instability was attributed to the tendency of the two 
initial attractor states competing for the movement 
topologies of the unstable phasing pattern. However, after 
a series of practice sessions, Zanone and Kelso (1990) 
discovered that the movement topology for the new phasing 
pattern became less variable, with this stability persisting 
up to a week after the initial training session.
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Interestingly, the movement topology of the initially stable 
out-of-phase attractive state became less stable over the 
training session, with this behavioral attractor all but 
non-existent a week later.
These findings led Zanone and Kelso (1990) to suggest 
a new attractor state (90 degree pattern) had developed as a 
function of practice. In effect, practice at a particular 
parameter setting (i.e. phasing) led to a phase transition 
or bifurcation. Further, because the out-of-phase attractor 
state appeared to now converge upon the 90 degree attractor 
state, practice also had the effect of creating a new 
attractor layout. By the same logic, novices on the ski 
apparatus are assumed to abandon the initial attractor 
layout of the "inverted pendulum" for a "forced oscillator" 
(Vereijken, 1990). After the actor has harnessed the 
appropriate dynamics of the task, he is in the position to 
narrow his search of the perceptual-motor workspace and 
exploit these dynamics.
Assuming the actor has successfully assembled the 
requisite "order parameters”, i.e. the attractor layout has 
been identified, the next stage in the acquisition process 
involves fine-tuning the "control pararameters” underlying 
the movement dynamics (Newell 6 McDonald, 1992). Here, the 
actor narrows his search through the perceptual-motor 
workspace; ostensibly to find the most efficient movement 
topology. In the ski simulation task described by Vereikjen
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(1990), this process involves learning to time the forcing 
of the platform so as to exploit the dynamics of the 
apparatus (i.e. the tendency of the platform to return to 
its initial resting position). Movement efficiency, in 
turn, is represented by the degree of convergence upon a 
stable behavioral attractor. In other words, one should see 
minimal variability in the actor's movement topology.
Clearly, our capacity to acquire novel behavioral 
patterns and derive the most efficient movement topology 
demonstrates, from a dynamic systems view, the phenomenon of 
"learning". Although dynamic systems theory does not 
explicitly address the role of practice in skill 
acquisition, this model is able to accommodate findings 
previously interpreted within an information-processing 
framework.
Contrasting the Perspectives
The major distinction between information-processing 
and dynamic systems theories is the level at which each 
model proposes motor behavior is controlled. Within the 
information-processing framework, motor behavior is 
primarily a product of executive processes (internal 
control) which "acts on" information contained within the 
environment. In contrast, dynamic systems theory places a 
greater emphasis on the role of the environment (external 
control), with little or no consideration given to internal 
processes. The implication, with respect to the influence
91
of practice, is that skill acquisition may be attributed to 
qualitative changes in the way the actor processes 
information, or from a dynamic systems perspective, 
quantitative changes in the topology of the perceptual-motor 
workspace.
The impetus behind much of the information-processing 
approach to practice related variables is the notion that 
skill acquisition is hampered by a limited capacity to 
attend to and process information. As such, practice is 
typically developed to compensate for these limitations. 
Dynamic systems theory, on the other hand, imposes no such 
limitations on the learner. Indeed, dynamic systems theory 
assumes that left to our own devices, the skill we seek to 
master will emerge naturally as a function of the 
actor-environmental interaction. While making no explicit 
claims with respect to the efficacy of certain practice 
conditions, dynamic systems theory accounts for practice 
related findings by questioning how the practice environment 
differentially constrained (and thereby facilitated) motor 
performance (i.e. Newell & McDonald, 1992). With these two 
theoretical views in mind, discussion now turns to three 
practice regimes that have been used extensively within 
motor behavior research.
Practice Regimes
Few would disagree with the maxim "practice makes 
perfect". Although practice satisfies a necessary
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component of skill acquisition, it does not always satisfy 
the sufficiency component. To satisfy both assumptions, 
the practice regime must not only be present, it must be 
tailored around the specific goals of the skill being 
taught. For instance, a practice regime that effectively 
prepares an athlete for a closed skill {i.e. archery) may 
not be a particularly effective medium for an athlete 
engaged in an open skill (i.e. basketball), and vice versa. 
The criteria for developing an effective practice regime 
depends on a number of factors, including the 
characteristics of the skill (e.g. its complexity and 
organization) and the degree of flexibility the learner must 
possess given the demands of the task environment 
(e.g. static or changeable).
To accommodate these types of skill related variables, 
information-processing proponents have found it necessary 
to develop a number of different practice regimes. Each 
regime presented below is typically restricted to a narrow 
range of motor behaviors (i.e. Newell, 1989), under the 
assumption that their unique contribution to skill 
acquisition resides in the way each focuses on a specific 
limitation of the learner. These limitations and the 
manner in which a particular practice regime overcomes 
them, are discussed from an information-processing 
perspective. Discussion then turns to a dynamic systems
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perspective which attempts to incorporate the empirical 
findings under its theoretical umbrella.
The three practice regimes selected for review focus on 
different issues related to facilitated skill acquisition. 
The first of these regimes, whole-part practice, takes into 
consideration characteristics of the skill (i.e. its 
complexity and organizational structure) when devising the 
optimal training format. For example, researchers have 
sought to identify situations where novices might benefit 
more from a practice format that partitions a skill into 
smaller units of activity, from one that requires the novice 
to master the skill as a whole (i.e. Mane, Adams, & Donchin, 
1989) and vice versa (i.e. Newell, Carlton, Fisher & Rutter, 
1989). Discussion then turns to a second practice related 
variable that focuses on the issue of practice distribution. 
As the second practice related variable presented in this 
review, discussion focuses on the research involved in 
determining the efficacy of massing or distributing practice 
over the training session. This review takes the position 
of Lee and Genovese (1988), who argue that practice 
distribution interacts with the nature of the skill being 
taught (e.g. discrete vs. continuous). Finally, this review 
considers the role of practice variability as one of the 
factors responsible for the flexibility of novice 
performance.
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Research on this topic has been divided into two major 
areas of interest; the practice variability hypothesis 
underlying Schmidt's (1975) "schema" theory, and the 
contextual interference phenomenon first identified by 
Battig (1966). Following the information- processing 
position on each of the practice variables presented here, a 
case is made for a dynamic systems interpretation.
Whole-Part Practice
In a narrow sense, the whole-part practice regime 
refers to the degree with which the subcomponents of a 
skill are taught separately or as a unit. The decision to 
introduce a skill as a whole, in parts, or in combination 
depends on the degree of interdependency between component 
parts, i.e. its organizational structure, and the number 
of components that comprise the skill, i.e. its complexity 
(Naylor & Briggs, 1963). In terms of
information-processing, a skill possessing a high degree of 
complexity would place greater demands on attentional 
resources than a skill possessing fewer component parts 
(Fitts & Posner, 1969). Likewise, a skill whose 
organizational structure involves a high degree of 
interdependency between component parts would require 
greater attentional resources relative one whose internal 
integrity involves more discrete units of behavior. In 
either case, once the information-processing demands 
involved in the execution of component parts have been
95
automated, the actor can then be introduced to other 
components of the skill or, in the case of a highly 
organized skill, focus attentional resources on coordinating 
the components.
To accommodate the fact that skills vary in terms of 
their position along both organizational and complexity 
dimensions, Wightman & Lintern (1985) have identified three 
practice regimes that specifically address how a skill 
should be partitioned and subsequently practiced, as a 
function of the skill's complexity and the 
inter-relationship between subtask components. Each of 
these practice techniques are subsequently discussed.
Fractionation method. A skill possessing a high 
degree of complexity but whose components are essentially 
independent would derive the greatest benefit from a 
practice regime that partitions the skill into less complex 
units of behavior. This procedure, referred to as 
"fractionation” (Wightman & Lintern, 1985) optimizes the 
learning experience by reducing the information-processing 
demands involved in learning the skill as a whole. A 
related advantage is it allows the actor to focus on an 
isolated component of the skill that might prove more 
difficult to acquire.
The fractionation technique has been found to be a 
particularly useful practice strategy for highly complex 
perceptual-motor tasks, such as the "Space Fortress” task,
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which involves learning a number of subtask components 
(maneuvering a spaceship/ avoiding mines, etc.). In one 
such study (Mane et al*, 1989), the authors assessed the 
degree of facilitation demonstrated by subjects exposed to 
a part-training practice regime, relative to subjects 
required to learn the task as a whole. In the part-training 
practice condition, subjects were allowed to practice each 
subtask component separately, before being required to 
perform the task as a whole. In an additional condition, 
the attentional demands associated with learning the task as 
a whole were reduced by slowing down the display speed 
during the early stages of learning, and increasing the 
speed as subjects improved their performances.
As expected, analysis revealed facilitated acquisition 
performance for subjects exposed to the part-training 
practice regime. In contrast, subjects who learned the task 
as a whole required additional practice sessions to reach 
the same level of performance, with greater performance 
deficits associated with the display speed incrementation 
procedure. The authors suggested that the facilitated 
performance of subjects exposed to a part-training procedure 
might be due to their having a greater opportunity to derive 
the critical relationship between their actions and the 
consequences of those actions. In other words, it was not 
the relationship between components that determined a 
subject's success on this task, but rather, the ability to
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determine which subtasks were more critical in terms of 
optimizing one's outcome scores. When the learner must 
infer this information through trial- and-error, as in the 
whole practice condition, the critical information may be 
overlooked entirely and the association may never be formed 
(Mane, et al., 1989). Therefore, one of the favorable 
aspects of the part-practice regime is related to the 
attentional focusing it promotes during the initial stages 
of learning, when attentional resources are at a premium.
Although the task used in the previous study possessed 
a sufficient degree of complexity to warrant the 
fractionation method, Newell et al. (1989) point out that it 
also possessed a high degree of interdependency between 
components. Under such circumstances, these authors suggest 
skilled performance may be distinguished from poor 
performance by how well the different components of the 
skill are integrated, rather than how well each component is 
performed in isolation.
Segmentation method. When the objective of the 
practice session is to gain proficiency over the individual 
components as well as the coordination between components, 
it may prove more beneficial to practice the skill by 
progressively building towards a coherent whole. This 
method, referred to by wightman & Lintern (1985) as 
"segmentation", arranges components of a task along temporal 
or spatial dimensions, where each component is incorporated
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into the practice schedule after previous components in the 
sequence have been successfully acquired. In view of the 
information-processing demands involved in learning these 
types of skills as a whole, it makes sense to introduce a 
second component of the skill after the attentional demands 
associated with a previous component have diminished.
Such was the logic underlying a study conducted by 
Newell et al. (1989), who also used the "Space Fortress" 
task. In the third of a series of experiments conducted by 
these authors, the instructional format required subjects to 
practice each subtask component in isolation. Over the 
course of a two week training session, subjects were 
required to progressively integrate the subtasks into a 
coherent whole. A second group of subjects were required to 
practice each component separately over the same number of 
practice sessions, while a third group practiced the task as 
a whole.
At the conclusion of the training session, the 
performance of subjects exposed to the progressive-parts 
practice regime was found to be superior to that of subjects 
required to learn the task in its entirety and subjects 
required to learn each subtask independently of others. 
Clearly, the advantage of the segmentation method extends 
beyond the attentional focusing it engenders towards 
critical subtask information, in that it also 
promotes coordination between subtask components.
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The decision to use a segmentation approach to skill 
learning then, is clearly suited to those tasks whose 
internal structure is highly complex and whose ultimate 
organization involves the coordination between distinct 
motor components. There are skills, however, that do not 
lend themselves easily to either the fractionation or 
segmentation methods of practice. Such tasks, because of 
the interdependency between components, can not be reduced 
to parts without disrupting the integrity of the skill as a 
whole.
Simplification method. When coordination between 
subtask components is critical to skilled performance, 
simplifying a dimension of the task may effectively reduce 
the complexity and thus information-processing demands 
involved in performing the task. This would in turn allow 
the appropriate movement pattern to emerge (Wightman & 
Lintern, 1985).
The benefit of the simplification method has been 
demonstrated by novices learning how to juggle (Hautala, 
1988). Here, the objective was to reduce the complexity of 
task by making the objects easier to catch. Subjects who 
were instructed to practice with beanbags were found to 
transfer more readily to the more complex task of juggling 
balls, relative to subjects who spent the entire practice 
session practicing with balls. Because the only difference 
between these groups of subjects was the greater facility
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associated with catching beanbags, the results suggested 
that by reducing the complexity of the catching component, 
subjects were free to focus their attention on timing; a 
critical component of this task. On the other hand, 
subjects who practiced with balls were required to direct 
much of their attention to catching; leaving fewer resources 
available for attending to the important timing component. 
The only limitation of this practice regime, from the 
instructor's position, lies in his ability to identify which 
component is critical and to devise a practice strategy that 
eliminates or reduces the attentional requirements 
associated with less critical components. However, assuming 
the instructor is knowledgeable about the skill he is 
teaching, the simplification procedure appears to be an 
effective practice regime when coherence between units is 
critical.
Practice as a dynamic process. Central to the concept 
of matching practice strategies with characteristics of the 
skill is the assumption that information-processing demands 
may be reduced by focusing the actor's attention on those 
units of behavior that are more important with respect to 
performing the task successfully. With the exception of the 
simplification procedure, decomposing the task into 
component parts tends to direct attention away from 
information relating to coordination between units. This is 
where dynamic systems theory differs from traditional
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information-processing theory, since it assumes acquisition 
should progress along completely opposite lines. For 
example, the novice's initial search of the perceptual-motor 
workspace is expected to yield information about 
coordination, before proceeding to information about control 
(Newell, 1989). Because the simplification method is 
consistent with this view, it is the only practice regime 
presented above that is expected to provide any real 
advantage with respect to skill acquisition. In contrast, 
both fractionation and to a lesser degree, segmentation 
methods would be considered counter-productive, since each 
addresses coordination only after the separate components of 
a skill have been "tuned". Although both segmentation and 
fractionation strategies have been shown to facilitate skill 
acquisition, this facilitation, according to a dynamic 
systems view, would be more a function of design, rather 
than a function of the benefits they may exert on 
acquisition.
From coordination to control. The advantage of 
"simplifying" a component of the task is that it eliminates 
a non-critical dimension of the task-space topology.
Assuming the task is taught as a "whole", this procedure may 
in turn narrow the learner's search of the perceptual-motor 
workspace to information critical to the acquisition of 
coordination. This search, however, may take one of two 
routes. If the actor must first discover the attractor
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layout, he could spend a considerable amount of time 
"learning" the appropriate attractor topology or, more 
likely, he could be required to modify an existing attractor 
topology. These different search strategies, according to 
Newell & McDonald <1989), may be facilitated or impeded by 
differentially constraining the kinematic information 
available in the perceptual-motor workspace. This view 
provides the basis for interpreting the results 
reported by Hautala (1988), within a dynamic systems 
perspective.
As demonstrated by the performance of subjects learning 
to juggle, the critical component of the skill was the 
temporal relationship between successive tosses of three 
objects. Simplifying the grasping component by substituting 
beanbags for balls served as a constraint on action which 
allowed the timing component to emerge spontaneously. This 
constraint could facilitate skill acquisition accordingly. 
First, the learner's movement topology would be immediately 
drawn toward the appropriate attractor layout; eliminating 
the need for an extensive and time-consuming search of the 
perceptual-motor workspace. Second, the learner could then 
concentrate much of the practice session toward "tuning" his 
performance. In contrast, this constraint on action was not 
available for subjects required to practice both grasping 
and temporal components simultaneously, whose performance 
might be attributed to one of the following reasons. Either
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the attractor topology associated with timing and grasping 
three balls had to be learned "from scratch" (Zanone &
Kelso, 1990), or an existing attractor topology, i.e. 
throwing one ball repeatedly and catching it, had to be 
modified to accommodate the timing and grasping 
characteristics associated with juggling three balls (i.e. 
Whiting & Vereijken, 1992). In either case, the process is 
lengthy and would involve a rather extensive search of the 
perceptual-motor workspace. That is, if the learner must 
devote much of the practice session towards identifying the 
appropriate coordinative structure, it leaves less practice 
available for perfecting his technique (i.e. tuning the 
control parameters).
What then, would explain the performance of subjects 
required to practice with weighted scarves prior to 
progressing to beanbags and balls? The hypothesis is that 
subjects who were required to practice juggling scarves 
early in practice acquired an entirely different movement 
topology (i.e. Kelso et al., 1986; 1988). That is, a slower 
temporal pattern may have evolved from tossing lighter 
objects relative to heavier objects. Subjects were then 
required to practice this movement topology for a third of 
the entire practice session. When beanbags were introduced 
into the practice session at a later time, the subject would 
be required to overcome the attractive pull of the initial 
movement topology and begin the acquisition process anew.
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Thus, the poorer transfer performance of these subjects may 
be due to either a preference to converge their performance 
on a previously acquired movement topology, or the fewer 
practice trials they received with the temporal pattern 
required for the transfer task. This is contrary to the 
conclusions drawn by Hautala (1988), who suggested that 
over-simplification of the catching component impeded 
transfer performance.
Although the results reported by Hautala (1988) may 
also be interpreted within a dynamic systems framework, it 
may prove difficult to compare these theories directly, 
since both theories predict similar outcomes, i.e. improved 
performance regardless of the underlying reasons. This is 
not the case for fractionation and segmentation techniques, 
which actually predict different outcomes*
Decomposition impedes performance. Both fractionation 
and segmentation methods partition the task into smaller 
units of activity, which are then acquired separately or 
integrated over time. From a dynamic systems perspective, 
either procedure would be expected to impede skill 
acquisition, because the learner would be required to 
overcome the attractive states associated with each 
component's movement topology and then assimilate this 
information in order to derive the appropriate coordinative 
structure. This progression is opposite to that described 
by dynamic systems theory, which views skill acquisition as
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a process of tuning the control parameters after the 
coordinative structure has been firmly established (Newell, 
1989). As such, dynamic systems theory predicts greater 
facility in learning across skills practiced as a whole, 
regardless of each skills' complexity. Thus, unlike 
information-processing models which encourage instructors to 
teach each component of a skill separately to offset the 
attentional or processing limitations of the learner, 
dynamic systems theory suggests the practice regime should 
focus initially on coordinating those components. After 
this information has been acquired, the practice session 
should then focus on ways to help the learner exploit the 
dynamics underlying the relationship between components. 
Although this issue has yet to be empirically tested, the 
results obtained in a study conducted by Leavitt (1979; 
Experiment 3b) suggests that the acquisition of certain 
skills may benefit from this type of practice strategy.
As in the Hautala (1988) study, Leavitt attempted to 
simplify one component of a hockey skill (puck-handling), by 
increasing the size of the puck. Novices allowed to 
practice skating and puck-handling with the larger puck 
throughout the hockey season yielded the greatest overall 
improvement across subtask components, relative to novices 
who were required to practice the components using a 
regulation and smaller (Czechoslovakian) sized puck. 
Proponents of information-processing would argue that this
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procedure simply reduced the attentional demands of the 
task, which was Leavitt's (1979) own conclusion. However, 
from a dynamic systems position, these findings may also 
suggest that by reducing the spatial constraints imposed by 
the regulation and smaller sized pucks, novices were able to 
focus their search of the perceptual- motor workspace on 
information specific to the critical temporal relationship 
between gait and forward propulsion of the puck (i.e. when 
to push the puck ahead and with how much force). That these 
two components may be temporally constrained is supported by 
the skating-alone improvement of subjects required to 
practice with the smallest puck. Here, it appears that 
attempts to coordinate gait with the faster movement of the 
smaller puck led to faster skating speeds. While subjects 
required to practice with the larger puck also improved 
their skating speed, the important point is they did so in 
conjunction with puck-handling skill. The implication is 
that reducing the spatial constraints of the puck allowed 
the temporal relationship between subtask components to 
emerge. After having assembled the coordinative structure 
that optimized this temporal relationship, the intrinsic 
control parameters underlying this coordinative structure 
could then be tuned to adjust for the speed of the smaller, 
regulation sized puck. Unfortunately, subjects in Leavitt's 
(1979) study were not required to transfer to novel puck 
sizes, so it is not possible to determine whether such
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tuning occurred. However, use of a transfer task would make 
this a testable hypothesis.
The point here is that it may be more advantageous to 
simplify a dimension of the workspace in order to allow 
information pertinent to coordination to emerge, rather than 
disrupt that coordination in order to teach each component 
separately (Gopher, Weil & Siegel, 1989). As a related 
advantage, simplifying a single dimension of task avoids the 
pitfalls associated with a failure to recognize how the 
skill should be decomposed into natural units of behavior.
As a result, greater emphasis would be placed on learning 
how to optimize the intrinsic dynamics underlying the task 
as a whole, rather than learning how to assemble isolated 
units of behavior whose ultimate organization is less than 
optimal.
Summary. Future research will be necessary to identify 
the limitations associated with this particular approach to 
learning. However, within the limits of those studies cited 
earlier, indications are that the novice would be better 
served by a practice regime constructed around the critical 
characteristics of the task, rather than by a practice 
regime developed as a compensation for processing and 
attentional limitations. Granted, bombarding the novice 
with a massive amount of information is sure to lead to a 
frustrating learning experience. However, facilitating 
acquisition by catering to the novice's limitations may
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ultimately lead to leas than optimal performance when one 
considers the athlete's future.
Distribution of Practice
In the following section, discussion centers on a 
further consideration to the design and implementation of 
practice strategies. As with the previous practice regime, 
interest in this area of research has been motivated by the 
need to develop a practice regime that offsets the 
attentional limitations of the learner. In the present 
case, researchers have sought to identify how the practice 
session should be scheduled to maximize the learning 
experience.
The distinction between massed and distributed practice 
has been defined as either the amount of rest that 
intervenes between successive repetitions of a criterion 
task, or simply, the amount of practice received over a 
series of practice sessions. For the present discussion, 
the distribution of practice will be defined accordingly. 
Under distributed practice schedule conditions, the rest 
intervals between successive trial repetitions is greater 
relative to massed practice schedule conditions (Magill, 
1993). Defining massed and distributed practice in this 
manner extends the greatest amount of generalizability 
across studies that have often employed different 
inter-trial interval lengths.
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Practice distribution as a performance variable. 
Research investigating the spacing of repetitions effect has 
found a clear performance advantage when practice trials are 
distributed. Researchers have attributed performance 
deficits obtained under massed practice conditions to the 
transitory influence of fatigue or reactive inhibition 
(Adams, 1983)* By transitory performance decrement, Adams 
meant that while massing practice trials depressed 
performance "the fundamental nature of the skill being
learned” remained virtually intact (Adams, 1987; p. 44). In
his review of the literature, for example, Adams (1987)
cites the results of studies that employed transfer designs;
a procedure that interpolates a rest session between 
practice and retention trials. When the transitory effects 
of fatigue were allowed to dissipate, researchers noted that 
performance between groups exposed to massed or distributed 
practice schedule conditions was equivalent. The only real 
disadvantage in massing practice trials was its negative 
influence on acquisition performance.
Practice distribution as a learning variable* The 
previous view has recently been challenged by Lee & Genovese
(1986) who cite evidence from a meta-analysis of literature 
investigating this phenomenon. They argue that when one 
considers the absolute retention performance of groups 
exposed to massed or distributed practice schedules, massed 
practice does appear to lead to learning deficits relative
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to distributed practice. The notion here is that while 
absolute retention reflects differences in retention as a 
function of practice distribution and is thus a better index 
of learning, relative retention reflects difference scores 
and as such, is confounded by factors that contribute to 
poor performance during acquisition (but see Christina & 
Shea, 1988, for a rebuttal). While these authors agree that 
the influence on performance far exceeds the influence on 
learning, massed practice does have a negative impact on 
learning (Lee & Genovese, 1988b). How then, does one 
resolve these two opposing views? One interpretation, 
advanced by Lee & Genovese (1988), is that the inter-trial 
interval interacts with the type of task used. In the 
majority of practice distribution studies, subjects were 
exposed to any one of a number of different tasks, including 
the pursuit rotor, stabilometer or mirror tracing tasks; 
tasks that can be classified as continuous in nature. Under 
these task conditions, massed practice invariably led to 
poorer performance and learning relative to distributed 
practice. However, in a study that employed a discrete 
motor task, the results revealed a massed practice advantage 
(Carron, 1969).
Subjects in Carron"s (1969) study were required to 
learn a task that involved removing a peg from a hole, 
turning it over end-for-end, and reinserting it back into 
the hole as quickly as possible. Massed practice was
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defined as a maximum 300 ma rest interval between trials 
while distributed practice was defined as a 5 sec rest 
interval between trials. In contrast to those studies that 
found a distributed practice advantage, Carron found that 
massing practice on a discrete motor task produced superior 
retention performance relative to distributed practice.
To account for these findings, Lee & Genovese (1968) 
suggested that because discrete tasks are short in duration, 
the inter-trial interval would allow the actor to process 
and evaluate his performance. The longer the inter-trial 
interval, however, the less attentive the subject would 
become to the task and consequently, the poorer his 
performance. On the other hand, information processing and 
performance evaluation probably occurs "on-line" during the 
production of a continuous task, whether under massed or 
distributed practice schedule conditions. The inter-trial 
interval therefore, would play a minor role in terms of 
learning. However, because continuous tasks are alBo longer 
in duration, performance is bound to suffer as a result of 
factors such as fatigue.
In spite of the appeal of the Lee & Genovese (1988) 
interpretation, it has met with some criticism (Christina & 
Shea, 1988). For instance, Christina & Shea (1988) argue 
that any number of factors, such as the interaction between 
rest length interval and number of practice trials, might 
also account for the inconsistencies that led Lee & Genovese
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(1988) to look at differences in task characteristics. 
Further, Ammons (1988) notes that the meta-analysis 
conducted by Lee & Genovese (1988) fails to consider 
procedural and experimental differences across studies, 
which also may account for the observed results. Although 
these criticisms are valid, Lee f i t  Genovese (1988) might be 
correct in assuming that task characteristics interact with 
the spacing of repetitions effect, especially since a 
similar logic underlies the efficacy of the whole-part 
practice regime. Therefore, assuming Lee & Genovese (1988) 
have identified a basis for considering task differences in 
the implementation of the spacing of repetitions regime, it 
appears that if the task to be learned is discrete, massed 
practice facilitates both performance and learning relative 
to distributed practice. In contrast, if the task to be 
learned is continuous, distributed practice facilitates both 
performance and learning relative to massed practice.
The implication, however, is that subjects required to 
practice a continuous task under massed practice conditions 
learn less about the movement task than subjects required to 
practice the same task under distributed practice 
conditions. The opposite inference can be drawn from 
studies investigating discrete tasks. This conclusion is 
supported by Lee & Genovese's (1986) observation that 
absolute retention scores, i.e. scores that reflect 
differences in learning as a function of practice condition,
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reveal performance decrements depending on the task and 
practice schedule interaction. This interaction is now 
considered from a dynamic systems perspective.
Learning defined as an outcome score. As stated 
earlier, dynamic systems theory assumes that factors that 
determine what information is available in the 
perceptual-motor workspace are bound to influence 
performance and learning. Therefore, the position held by 
Lee & Genovese (1988), that learning is maximized under 
conditions that minimize fatigue, is consistent with what 
would be predicted by dynamic systems theory. The two views 
differ, however, with respect to how each defines learning 
deficits.
Considering first the issue of fatigue, the position 
taken here is that subjects may compensate for the effects 
of fatigue by "tuningM down the control parameters 
underlying the movement. This would effectively minimize 
energy consumption while allowing subjects to practice the 
underlying movement dynamics associated with a specific 
coordinative structure. For example, a fatigued runner 
would conserve energy by "tuning down" his stride frequency 
and/or stride length. Assuming he completes the race, one 
can be certain he learned something about the location of 
hills, etc. However, his performance would fail to reflect 
this knowledge. Extending this logic to a pursuit-rotor 
task, where error tolerance is small, this strategy would of
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course result in increased response error. With respect to 
outcome scores (i.e. accuracy, movement time), the 
performance of these subjects would indicate a learning 
deficit. With respect to the underlying movement dynamics, 
however, what the subject actually learned about the task 
space topology was never assessed.
Summary. The results reported by Carron (1969) are 
more difficult to interpret from a dynamic systems 
perspective. As in the previous case, it may be possible to 
account for performance differences by appealing to the 
assumption that subjects were encouraged to respond 
differentially to information as a function of the practice 
schedule manipulation. In the following section, the 
relationship between movement time and response variability 
is discussed more completely; but for the present purposes, 
we can assume that slower movements are associated with 
greater movement variability. Therefore, the slower 
movement times of subjects assigned to the distributed 
practice condition suggests a failure to identify the 
appropriate attractor topology. Instead, these subjects 
appear to have devoted much of the practice session engaged 
in a broad-based search of the task space topology. This 
would account for the learning deficits associated with the 
distributed practice schedule. Unfortunately, it does not 
explain why. Perhaps Lee & Genovese's (1988) suggestion,
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that longer inter-trial intervale promote a lack of 
motivation, could be one possible explanation.
Practice Variability
To this point, discussion has focused on how different 
practice regimes influence learning; most notably, 
retention. However, as pointed out by Ammons (1988), there 
are "different sorts of learning", and often, the 
effectiveness of a practice regime is measured by how well 
it prepares the performer to transfer his knowledge across 
novel tasks or task environments. This is especially 
relevant to what Gentile (1972) referred to as open skills, 
where success hinges on the performer's ability to select 
and execute the appropriate movement pattern on the basis of 
unpredictable regulatory stimuli, or closed skills, where 
environmental conditions under which a skill is practiced 
may differ from those under which the skill is evaluated 
(Gentile, 1972). According to Gentile, an effective 
practice regime for open skills should include a variety of 
regulatory stimuli conditions so that the performer is 
encouraged to develop a broad repertoire of movement 
patterns. For closed skills, the regulatory stimuli are 
constant but the nonregulatory stimuli, such as noise or 
lighting characteristics of the playing arena, may be 
different. An effective practice regime for closed skills 
should thus include as much variety as possible for
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nonregulatory stimuli so that the performance context 
becomes irrelevant.
Variability and response-flexibilitv. With the 
development of Schmidt's (1975) schema theory, the practice 
variability hypothesis could be tested within a more formal 
theoretical framework. Rather than proposing that unique 
versions of a movement pattern were represented in memory, 
Schmidt suggested that a rule governing the production of a 
specific class of movement patterns was represented in the 
form of a schema or a generalized motor program.
Variability during practice was expected to help the actor 
adapt his performance to novel task situations by simply 
modifying the response specifications underlying a 
particular movement class. For instance, if the actor 
wished to toss a ball various distances, he needed only to 
change the force parameter attached to the schema governing 
overhand throws. Thus, the practice variability hypothesis 
predicts that the more variable the experiences related to 
the skill being learned during practice, i.e. tossing the 
ball at a target different distances away, the more likely 
the performer will be able to produce a novel movement 
pattern when circumstances dictate, i.e. tossing the ball at 
a target a novel distance away.
Although the results of several studies offer mixed 
support for the variability of practice hypothesis and 
schema theory in general (e.g. Zelaznik, 1977; Wrisberg &
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McLean, 1984), Wrisberg, Winter & Kuhlman (1987) suggest 
these inconsistencies might be attributed to procedural 
differences across studies. For instance, in a study that 
failed to find evidence to support the practice- variability 
hypothesis (Zelaznik, 1977), subjects were required to 
produce a ballistic arm movement within a specified movement 
time. During the transfer phase, subjects were required to 
traverse the distance under a novel movement time, which for 
subjects in the constant-practice condition, closely 
approximated the timing component learned during training.
In contrast, for subjects in the variable-practice 
condition, the movement timing components learned during 
practice differed in proximity to that required during 
transfer. Thus, rather than suggesting variable practice 
had no appreciable advantage over constant practice, these 
findings indicated that the similarity between training and 
transfer task components led to better performance than 
would be expected under truly novel task conditions.
To evaluate the variability of practice hypothesis 
under a stricter experimental protocol, Wrisberg, Winter & 
Kuhlman (1987) had subjects practice a discrete motor task 
that systematically varied movement distance-movement time 
components of a ballistic arm movement. Subjects received 
180 practice trials before completing 20 transfer trials
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under a constant movement distance- movement time criterion 
(43 cm in 300 ms ).
Analysis of timing error across blocks of transfer 
revealed that all variable practice conditions led to more 
accurate and consistent transfer performance relative to 
constant practice conditions. However, Wrisberg et al.
(1987) noted that subjects who received practice on the 
43-300 distance-movement criterion yielded comparable 
transfer performance relative to subjects who practiced 
under variable training conditions. Interestingly, transfer 
performance of subjects who received practice on one of the 
task components, e.g. movement time, were less successful in 
their attempts to reproduce this component when associated 
with a novel movement distance. These findings pointed to 
two important considerations. First, varying components of 
the task (in this case timing and distance) during practice 
is essential when the test session requires the production 
of a novel version of this combination. Second, as 
demonstrated by subjects who were required to reproduce a 
practiced component in novel combination with a second 
component, the greater the dissimilarity between practice 
and transfer conditions, the poorer ones' transfer 
performance. In general, these results indicate that 
variable practice leads to greater response flexibility, 
and, in keeping with the variability of practice hypothesis, 
offers support to Schmidt's (1975) schema model.
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Variability as a function of interference. Research 
points favorably to practice variability as an important 
issue in skill development. Equally relevant to this issue 
is how variable practice should be organized, given that 
skilled performance is often comprised of different motor 
components. An area of research that first investigated the 
efficacy of different organizational strategies was 
developed by Battig (1966), who introduced the concept of 
"contextual interference". This term relates to the degree 
of interference generated between different tasks as a 
function of the order in which those tasks were practiced. 
High interference between tasks was created by randomizing 
the practice order and was assumed to create a more 
difficult learning environment. In contrast, a task 
presented repeatedly within a single practice session was 
assumed to create a less difficult learning environment.
With respect to information-processing, the expectation was 
that processing effort was associated with representational 
strength. Research investigating this phenomenon has 
typically confirmed these predictions.
In the first attempt to apply Battig's thesis to the 
motor learning domain, Shea & Morgan (1979) had subjects 
learn a series of movement patterns under one of two 
practice schedule conditions. The task involved knocking 
down three of six wooden barriers in a prescribed order, 
using a diagram as reference. Under the blocked practice
120
schedule condition, low contextual interference was created 
by repeatedly practicing the same pattern. Under the random 
practice schedule condition, high contextual interference 
was created by randomizing the presentation order of tasks. 
Following a short retention interval, both retention and 
transfer performance was assessed, using a double-transfer 
design.
Analysis revealed an acquisition advantage for subjects 
exposed to a blocked practice schedule, but a retention and 
transfer advantage for subjects exposed to a random practice 
schedule. On the basis of these results, Shea & Morgan 
(1979), and later, Shea & Zimny (1983) suggested that 
retention and transfer differences could be attributed to 
the amount of elaboration and/or distinctiveness afforded 
movement information, as a function of practice schedule. 
According to their model, random practice encouraged both 
types of processing and thus led to a more robust and 
generalizable representation. However, blocked practice 
would encourage only elaborate processing which, according 
to Shea & Zimny (1983), led to less generalizable movement 
information.
An alternative explanation proposed by Lee S t Magill 
(1985) maintains that under random practice schedule 
conditions, subjects are continually required to reconstruct 
the action plans responsible for each movement pattern. On 
the other hand, the redundancy inherent within a blocked
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practice schedule encourages subjects to rely on the 
solutions derived from previously constructed action plans. 
Thus, these authors attribute the contextual interference 
effect to differences in the problem- solving activities 
engendered by randomizing or blocking the practice schedule.
As yet, research has failed to resolve which 
theoretical model best accounts for the contextual 
interference effect (Christina & Shea, 1988). Despite the 
lack of agreement as to "why" contextual interference 
facilitates retention and transfer, research findings attest 
to its effectiveness as a practice strategy (i.e. Goode & 
Magill, 1986). However, such resolution may not be 
particularly meaningful, as Newell and McDonald (1991) point 
out, given that the benefits accrued as a function of 
contextual interference may well occur prior to any 
cognitive processing. This argument is developed more 
completely in subsequent discussion.
Limits of contextual interference. An additional 
consideration regarding the effectiveness of this practice 
regime relates to certain characteristics underlying 
Schmidt's (1975) schema model. The concern here, is whether 
the practice manipulation leads to variations within the 
same motor program, or whether it leads to variations across 
different motor programs (Magill & Hall, 1990). When the 
practice session manipulates presentation order of tasks 
governed by different motor programs, Magill & Hall (1990)
122
argue that subjects must restructure the invariant 
characteristics (relative timing, force and movement order) 
underlying each motor program, as well as the parameters 
assigned to those features. In contrast, randomizing the 
presentation order of tasks governed by the same motor 
program requires a modification of program parameters alone 
and not, as in the previous case, modification of the 
program. Under these circumstances, randomization of 
presentation order will not lead to the learning benefits 
typically associated with high contextual interference.
Taken together, however, the learning benefits 
associated with variable practice are rather clear. While 
certain limitations do exist (i.e. Goode, 1986, Magill & 
Hall, 1990), the strength of the variability of practice 
regime appears to lie with the greater response flexibility 
it encourages with respect to novel task solutions. To 
accommodate the learning benefits associated with practice 
variability within a dynamic systems framework, it is 
necessary to again question how the practice schedule 
manipulation differentially constrains kinematic 
information within the perceptual-motor workspace. Initial 
discussion focuses on the variability of practice hypothesis 
and how dynamic systems would interpret the findings 
associated with this phenomenon. Subsequently, the 
contextual interference effect is evaluated.
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Response variability equals search strategies. Recall 
that a search of the perceptual-motor workspace provides 
information relevant to how the task may be optimally 
performed (Newell & McDonald, 1992). If we assume that the 
coordinative structure or attractor layout emerges 
spontaneously from the task-space topology, then much of the 
practice session will be devoted to "fine-tuning" the 
dynamics associated with efficient movement execution. If 
subjects are constrained to search a very narrow range of 
the task-space, as would occur under a constant practice 
condition, early acquisition should be marked by rapid 
learning gains. However, the dearth of kinematic 
information made available during acquisition training would 
confine a subject's search to a limited range of the 
perceptual-motor workspace. In terms of its effect on the 
attractor layout, constant practice would increase the depth 
and steepness of a single attractor "well" (Thelen & Ulrich, 
1991). As such, it is unlikely these subjects would 
spontaneously shift their search outside the established 
boundaries of the perceptual-motor workspace, which in turn, 
would effectively "bind” performance to this attractor site.
On the other hand, if subjects are encouraged to 
distribute their search of the perceptual-motor workspace 
over a richer kinematic array, the attractor layout would be 
comprised of a series of "shallow" attractor wells. One 
would also expect less dramatic gains in acquisition
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performance because practice would be distributed over the 
parameterization of a series of attractor wells, rather than 
directed towards optimizing the parameterization of a single 
attractor well. When confronted with a novel variation of 
the practiced task, these subjects would be less confined to 
any particular attractor, and thus more predisposed to 
search for an alternative response strategy. From a dynamic 
systems position, therefore, performance differences may be 
attributed to how narrowly a subject is confined to any 
particular attractor state. Can this interpretation be 
extended to the contextual interference effect?
Interference as constraints on action. To get at this 
issue, the results of two studies that found support for and 
failed to find support for the contextual interference 
effect are examined. In the study conducted by Shea & Zimny 
(1983), subjects who practiced three movement patterns 
following a random practice order were found to transfer 
more readily to a novel version of the practiced task than 
subjects who practiced the movement patterns following a 
blocked practice order. Looking only at the outcome scores 
obtained during acquisition training, the one striking 
difference between the two groups of subjects is that 
blocked practice yielded faster movement times relative to 
random practice.
Because a number of studies have found movement 
variability increases as a function of slower movement times
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(i.e. Schmidt, Zelaznik, Hawkins, Frank & Quinn, 1979;
Heyer, Smith, Kornblum, Abrams fc Wright, 1987; Reed, 1988), 
the indication is that the randomization procedure leads to 
increased movement variability. In contrast, blocked 
practice appears to encourage movement consistency. Results 
of a pilot study provide partial support for this 
interpretation (McNevin & Magill, 1992).
Using the barrier knock-down task, subjects were 
required to practice three movement patterns under a blocked 
or random practice schedule. Movement trajectories for each 
pattern were video- recorded and digitized, using the 2-D 
Peak Performance Analysis System. Phase-plane portraits 
revealed greater variability associated with random practice 
relative to blocked practice. If we assume that consistent 
performance reflects a tendency to minimize variance around 
a particular attractor state, and variable performance 
reflects a tendency to maximize that variance, the 
implication is that the practice schedule manipulation 
influences the amount of "cross-talk" between attractor 
states.
From a behavioral stand point, random practice may 
encourage assimilation of information across attractor 
states, while blocked practice may encourage specificity 
between attractor states. For subjects assigned to a random 
practice schedule, this situation would lead to greater 
response flexibility, and, when confronted with a novel task
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variation, greater response adaptability. On the other 
hand, the specificity associated with the blocked practice 
schedule would discourage transitions across attractor 
states and ultimately, would impede ones' ability to 
generate novel response strategies. The view that 
performance may be attributed to the dynamics of the imposed 
attractor layout is tentatively supported by the results 
obtained by Hall (1991).
In her study, the randomization procedure led to no 
appreciable retention or transfer advantage. This finding 
led Hall to conclude that variations across parameters 
assigned to the same motor program produced a low contextual 
interference condition. As a result, the learning benefits 
associated with "reconstructing" the action plans (Lee & 
Magill, 1983) were never realized. However, the task 
manipulation in Hall's (1991) study, in addition to changing 
the relative timing between movement parts, had the effect 
of constraining subjects to produce the same movement 
pattern under identical absolute timing restrictions. 
Therefore, the only difference between groups of subjects 
was whether the presentation order of tasks was blocked or 
randomized. Failure to find a contextual interference 
effect under these practice conditions may indicate that 
performance was constrained by the same kinematic 
information. Had the same timing restrictions been imposed 
on tasks that did produce contextual interference effects
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(i.e. Shea & Zimny, 1983; Goode & Magill, 1986), different 
findings may have emerged. Certainly, the issue warrants 
further investigation.
Summary. Dynamic systems theory does not dispute the 
learning benefits associated with the variability of 
practice regime. Hhat it does dispute is the manner in 
which "learning4' is evaluated. That a subject failed to 
exhibit the flexibility required to transfer across novel 
task variations does not mean the subject failed to learn 
the task; it implies the practice manipulation led the 
subject to learn a particular response strategy. That is, 
when subjects are exposed to the same task constraints, as 
in Hall's (1991) study, the practice variability advantage 
disappears. This suggests that something other than 
variable practice is responsible for response flexibility. 
The locus of this advantage may become more apparent once 
the underlying movement dynamics associated with the 
practice schedule manipulation are assessed.
Directions for Future Research
Throughout the previous discourse, an attempt has been 
made to apply dynamic systems theory to the learning 
differences associated with four practice regimes. In 
general, the results of studies investigating the efficacy 
of each practice regime are linked to the differential 
constraints they impose on the perceptual-motor workspace of 
the learner (i.e. Newell & McDonald, 1992). Thus, a major
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task confronting researchers interested in applying dynamic 
systems theory to skill acquisition, lies in our ability to 
determine "what" information is conveyed by the 
perceptual-motor workspace and "how” this information 
constrains action. After these questions have been 
answered, research can then focus on the development of a 
practice regime that takes these constraints into 
consideration. However, to get at these issues, motor 
researchers must look beyond the level of outcome scores and 
focus on the dynamic movement characteristics of the 
behavior itself.
The assumption that kinematic information within the 
perceptual-motor workspace is revealed by the kinetic 
actions it produces (i.e. Jeka & Kelso, 1989), and, that the 
energetics of these actions can objectively be measured 
(Richardson, 1985), simplifies this task. It was earlier 
noted that movement efficiency was associated with movement 
variability, with skilled behavior referring to an optimal 
relationship between energy availability and energy 
expenditure. Assuming skilled behavior is more efficient 
than less skilled behavior, it might be possible to gain a 
clearer understanding of the role of practice in skill 
acquisition if "learning" were defined in terms of gains in 
movement efficiency, rather than in terms of performance 
outcome. Where kinematic analysis is possible, gains in 
movement efficiency would be revealed as the reduction in
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variability around a movement's phase-plane trajectory. The 
assumption, of course, is that the most efficient movement 
pattern is the more accurate one, given the constraints of 
the taskspace topology.
In turn, it would be possible to identify how practice 
differentially constrained a subjects's performance by 
comparing phase-plane diagrams across subjects exposed to 
different practice manipulations. The argument posed by 
Newell and McDonald <1992), that practice constrains the 
type of information made available prior to cognitive 
processing, suggests learning differences are apparent at 
the level of a subject's performance. The use of outcome 
scores, while sensitive to performance differences, does so 
on a rather superficial level.
A second issue relates to the practice manipulations 
themselves. In short, when one considers the role of 
practice from a dynamic systems perspective, one begins to 
question the logic underlying the use of different practice 
regimes. With the exception of the variability of practice 
regime, each of the practice regimes examined in this thesis 
restrict their facilatory influence to the early stages of 
learning. However, little is known about the long-term 
consequences of this facilitation on future performance. By 
reducing the information-processing demands associated with 
early stages of skill acquisition, one is also constraining 
the novice's search of the perceptual-motor workspace. This
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constraint may in turn discourage the novice from exploring 
alternative solutions to the task at hand, which ultimately, 
may prevent the novice from reaching the highest skill 
levels*
Clearly, future research would need to focus on the 
long-term effects associated with different practice regimes 
if the principles underlying dynamic systems theory are to 
be properly assessed. Considering the practical limitations 
associated with conducting longitudinal or cross-sectional 
studies (e.g. expense, influence of extraneous factors such 
as developmental and environmental differences, etc.), this 
type of research approach may not be well received by motor 
behavior researchers. An alternative to this approach 
would be to concentrate research efforts on the one practice 
regime whose ultimate goal is the development of response 
flexibility; the variability of practice regime.
One of the assumptions associated with dynamic systems 
theory is that movement variability, whether through 
experimental design or subject-produced error, affords 
subjects the opportunity to explore the perceptual-motor 
workspace. In contrast, the more accurate a movement 
trajectory, whether induced through constant or blocked 
practice techniques, the less likely subjects will 
spontaneously explore the boundaries of the perceptual-motor 
workspace. The implication is that a practice regime that 
encourages accuracy during early stages of learning may have
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a less than facilitative effect on performance during later 
stages of learning, especially when response flexibility is 
the desired outcome. Assuming this to be the case, it may 
prove more advantageous to encourage the novice to explore 
alternative response strategies during initial stages of 
skill acquisition. Following the development of the 
appropriate coordinative structures, practice could then 
focus on ways to assist the novice in tuning the extrinsic 
dynamics underlying those coordinative structures. Should 
the performance of novices exposed to this type of practice 
regime be superior to that used currently, a case could be 
made for dynamic systems theory.
The suggestions offered above represent the broadest 
possible application of dynamic systems theory to those 
behaviors associated with the use of different practice 
schedules. Clearly, the concepts developed here would apply 
equally well across other practice related variables, 
including those associated with modeling and augmented 
feedback. In any event, the field of motor behavior, 
whether guided by the theoretical assumptions underlying 
information-processing or dynamic systems views, should 
benefit from a clearer understanding of the characteristics 
of movement behavior. Such understanding should provide an 
equitable medium for evaluating the assumptions associated 
with both theoretical models. More importantly, it should
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provide instructors with a more useful means of evaluating
skill acquisition and the role of practice.
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The contextual interference effect is well documented 
in motor behavior research (Shea & Zimny, 1993; Lee &
Magi11, 1983; Goode & Magill, 1986). With the exception of 
Goode 6 Magill study, the phenomenon has been restricted to 
laboratory settings; specifically using the barrier knock­
down task. Because the focus of this study was to identify 
kinematic differences with respect to the practice schedule 
manipulation used in contextual interference studies, it was 
necessary to modify the apparatus to accomodate videotaping 
of subjects' movements. Therefore, the barriers were 
replaced with metal disks and subjects were required to 
strike the disks with a hand-held stylus. This allowed for 
2-dimensional recording because the video camera could be 
positioned perpendicular to the plane of motion. Further, 
the movements themselves could be recorded at 60 Hz because 
the accuracy demands of the disks resulted in slower 
movement times. While the changes described above were not 
expected to eliminate the contextual interference effect, it 
was unclear how the modifications would influence 
performance. Therefore, aside from modifying how subjects 
interacted with the apparatus, this study was an attempt to 
replicate previous contextual interference findings.
To assess the movement dynamics associated with 
response strategy differences, displacement profiles of 
subject-produced movement patterns served as the primary
140
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source of performance data in this study. In addition to 
these kinematic data, Movement Time (MT), and Movement Time 
Standard Deviations (SD) were used to assess context effects 




Twenty-eight, right-handed female students, (Age 
M-23.6, SD«3.23, yrs) participating in undergraduate 
activity classes received course credit for participating in 
this study. None was familiar with the experimental 
apparatus. Before proceeding with the experiment, all 
subjects provided their written consent.
Apparatus
The apparatus and diagrams of movement patterns were 
identical to those used in Experiment 1.
Design
Subjects were randomly assigned to either a blocked or 
random practice condition. From within each practice 
condition, subjects were randomly assigned to either a 
blocked or random retention and transfer condition. This 
double-transfer design yielded four groups of seven subjects 
each. For two groups (Blocked-Blocked, Random-Random), the 
practice conditions imposed during acquisition training were 
maintained during retention and transfer testing. The 
remaining two groups (Blocked-Random, Random-Blocked), were
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required to perform retention and transfer testing under 
conditions opposite to those imposed during acquisition 
training.
All subjects performed 18 practice trials for each of 
the three movement patterns, for a total of 54 acquisition 
trials. Subjects assigned to the Blocked practice condition 
practiced each pattern repeatedly for 18 trials, followed by 
18 trials on a second pattern and finally, by practicing 18 
trials on a third pattern. For these subjects, only the 
pattern they were required to produce was displayed on the 
backboard. The order under which the movement patterns were 
performed was counterbalanced across subjects. Subjects 
assigned to the Random practice condition received the same 
number of practice trials, however, trial presentation order 
was distributed unpredictably across the three movement 
patterns with the condition that no two patterns were 
repeated consecutively. For these subjects, all three 
patterns were mounted and displayed during the 54 
acquisition trials.
After a 10-minute retention interval, during which time 
subjects were seated in a chair outside the testing room, 
subjects performed three retention trials for each of the 
practiced patterns and three transfer trials on a novel 
pattern, for a total of 12 trials. Order of presentation 
was blocked or random, depending on the subject's 
pre-practice session assignment. Also, the counterbalance
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order used during blocked acquisition training was 
maintained during blocked retention testing with the novel 
pattern (Pattern D) introduced into the order immediately 
following Pattern C. During retention and transfer testing/ 
no feedback was provided and, with the exception of the 
novel pattern, all diagrams were removed from the backboard. 
Procedures
Each subject read instructions concerning the task upon 
her arrival to the testing room* After questions were asked 
and answered, the experimenter introduced the subject to the 
apparatus and demonstrated how the subject was to grasp the 
hand-held stylus. While pointing to one of the diagrams 
displayed on the backboard, the experimenter then 
demonstrated how the subject was to perform the movement 
corresponding to the diagram. The subject was instructed to 
perform each movement pattern as quickly and as accurately 
as possible. The subject was reminded to learn to associate 
each colored l.e.d. with its corresponding diagram and was 
handed the stylus. When the subject was in position in 
front of the apparatus, the experimenter initiated the video 
recorder and computer to begin the session*
The subject began each trial by placing the metal tip 
of the stylus on the start disk. This position was 
maintained until the l.e.d. signalling which pattern to 
perform was activated. The subject then removed to stylus 
from the start disk and tapped each disk in the order
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specified in the diagram; terminating the movement by 
tapping the atop disk. Feedback, in the form of movement 
time and accuracy/ was provided to the subject upon 
conclusion of the trial. The subject then returned the 
stylus to the start position and awaited the next trial.
Prior to retention and transfer testing, the subject 
was instructed to "guess" the movement pattern if unsure but 
to perform the movement as quickly as possible. If the 
movement was performed inaccurately, the experimenter showed 
the diagram of the movement pattern to the subject and 
repeated the trial at the end of the normal session. During 
this time, movement times were not reported to the subject. 
Dependent Measures
For each dependent measure (MT and SD), six Acquisition 
Blocks were formed by averaging across three consecutive 
trials on a particular pattern (MT) or calculating the 
standard deviation (SD), and then averaging across the three 
patterns themselves. Thus for Block One, a subject's MT 
score was calculated by averaging trials 1 through 3 across 
each pattern, with the final Block calculated by averaging 
trials 16 through 18 across each pattern. The same 
technique was used to calculate Retention and Transfer 
Blocks.
The Peak Motion Analysis System was used to process 
kinematic data. After video tape encoding, the reflecting 
tape affixed to the hand-held stylus was digitized from
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response initiation to response termination for each of the 
trials selected for analysis. These included the first 
three and final three movement trajectories of each pattern 
performed during acquisition training. Also, the three 
trials performed on each pattern during retention and 
transfer were also processed. Raw data were smoothed using 
a low-pass, fourth order Butterworth digital filter, with a 
cut-off frequency of 6 Hz. The conditioned data were 
processed to obtain displacement data, which in turn were 
differentiated to obtain velocity data.
Results
This section is comprised of two parts. In the first 
part, results of outcome scores, Movement Time (MT) and the 
Standard Deviation (SD) of Movement Time are presented. All 
statistical decisions were based on a significance level of 
P < .05. In the second part, the kinematic data of three 
representative subjects selected from each practice- 
retrieval condition are discussed. Representative subjects 
were selected on the basis of possessing the smallest 
standard deviations relative to subjects in their 
respective groups. This discussion focuses upon the 
movement dynamics associated with a single movement pattern 
practiced during acquisition training, Pattern B, and the 
movement dynamics associated with a novel movement pattern 
produced during transfer training. Pattern D.
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Outcome Scores
Acquisition. Movement Time data were submitted to a 2 
X 6 (Practice Schedule X Acquisition Blocks) Analysis of 
Variance with Practice Schedule (Blocked vs. Random) as the 
between subjects and Acquisition Blocks (1 to 6) as the 
repeated measures factor. Both main effects for Practice 
Schedule, £(1,26)-717.13 and Acquisition Blocks, 
£(5,130)«63.46, were significant. Further, Practice 
Schedule entered into a significant interaction with 
Acquisition Blocks, F (5,130)"8.96. As illustrated in Figure 
13, although random practice led to a reduction in MT as a 
function of Acquisition Blocks, subjects in this practice 
condition produced slower MT relative to the blocked 
practice condition. Tukey's post hoc analysis revealed this 
difference existed across all levels of Acquisition Blocks.
Movement Time SD data were submitted to a 2 X 6 
(Practice Schedule X Acquisition Blocks) Analysis of 
Variance with repeated measures on the last factor. This 
analysis revealed significant main effects for the both 
Practice Schedule, £(1,26)—20.97 and Acquisition Blocks,
£(5,130)*18.17. However, the Practice Schedule X 
Acquisition Blocks interaction failed to reach significance, 
£(5,130)«1.66. As illustrated in Figure 13, while both 
Practice Schedule groups tended towards greater movement 
consistency across blocks of acquisition, blocked practice 
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Figure 13. Movement Time (top panel) and Standard Deviation 
(bottom panel) as a function of practice 
schedule, acquisitionr retention and transfer.
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Retention. Movement Time data for each Practice- 
Retrieval condition were submitted to a 2 X 2 (Practice 
Schedule X Retrieval Schedule) Analysis of Variance.
Onlythe Retrieval Schedule main effect, E(1,24)-7.71, was 
significant, with both the main effect of Practice Schedule, 
£(1,24)-1.27, and the Practice Schedule and Retrieval 
Schedule interaction, £(1,24)«3.08, failing to reach 
significance, although the interaction did approach 
significance, e *.092. The main effect of Retrieval Schedule 
is depicted in Figure 13, which shows subjects tested under 
a random retrieval context yielded slower MT than subjects 
tested under a blocked retrieval context. Tukey's post hoc 
procedure isolated this effect to the Blocked-Random group.
Movement Time SO was analyzed using a 2 X 2 (Practice 
Schedule X Retrieval Schedule) Analysis of Variance.
Neither the main effects of Practice Schedule, £(1,24)«2.67, 
and Retrieval Schedule, £(1,24)~1.31, nor their interaction, 
£(1,24)*.65, were significant.
Transfer. Movement Time data were submitted to a 2 X 2 
(Practice Schedule X Retrieval Schedule) Analysis of 
Variance. This analysis failed to yield significant results 
for Practice Schedule, £(1,24)*3.002, or Retrieval Schedule, 
E( 1,24)*2.26, main effects, although Practice Schedule did 
result in a non-significant trend, p~.096. The interaction 
between Practice Schedule and Retrieval Schedule also failed 
to reach significance, £(1,24)-1.12.
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The same analysis procedure was used to assess Movement 
Time SD. As with MT data, this analysis failed to detect 
significant main effects for Practice Schedule, £(1,24)«.26, 
and Retrieval Schedule, F{ 1,24)“3.66, {>*.068, nor was there 
a significant interaction between these variables,
E( 1,24)»3.83, p-.08.
Movement Kinematics
The first and final three trials of Pattern B were 
plotted simultaneously to illustrate the relative kinematic 
changes that occurred between initial and final acquisition 
trials. All trials performed correctly during retention and 
transfer testing are also presented. The movement 
kinematics, presented in the form of displacement profiles, 
yields a superficial portrait of the movement path a 
subject's hand traversed as a function of both acquisition 
training and practice schedule assignment. It was assumed 
that qualitative differences in the displacement profiles 
would suggest differences in the search strategies employed 
by subjects (i.e., Newell & McDonald, 1993), and that these 
search strategies would vary as a function of practice 
schedule assignment.
Acquisition. The displacement profiles obtained during 
acquisition training are presented in Figures 14 and 15.
The one noticeable difference between the movement 
kinematics produced under blocked and random practice is 




Figure 14. Displacement-displacement profiles of the first
and final three trials of acquisition for
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Figure 15. Displacement-displacement profiles of the first
and final three trials of acquisition for
random-random and random-blocked subjects.
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traversed across the first three and final three trials were 
more variable than those produced under the blocked practice 
condition. As illustrated in Figure 14, the movement 
kinematics produced across different levels of acquisition 
appear stable and this stability is evident between 
subjects.
Retention. Displacement profiles produced during 
retention testing are presented in Figures 16 and 17. while 
it is difficult to note any appreciable qualitative 
differences between acquisition and retention performance 
for blocked practice subjects (Figure 16), there is less 
ambiguity in the performance of random practice subjects 
especially for those subjects assigned to a blocked 
retrieval context. Relative to acquisition performance, the 
kinematics associated with retention performance of the 
random practice subjects appears more stable*
Transfer. The displacement profiles produced during 
transfer testing, during which time subjects were required 
to produce a novel movement pattern, are presented in 
Figures 18 and 19. The only qualitative differences between 
these profiles appears to be a function of retrieval 
context. Subjects, regardless of practice condition, who 
performed the novel patterns under a blocked retrieval 
context yielded a marginally higher degree of kinematic 
uniformity across transfer trials than did subjects who 







Figure 16. Displacement-displacement profiles of three 
trials of retention for blocked-blocked and 




Figure 17. Displacement-displacement profiles of three 
trials of retention for random-random and 








Figure 18. Displacement-displacement profiles of three
trials of transfer for blocked-blocked and




Figure 19. Displacement-displacement profiles of three
trials of transfer for random-random and
random-blocked subjects during transfer testing.
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context. It should be pointed out that subjects performing 
the novel movement pattern under random retrieval conditions 
failed to produce three correct movement patterns, and the 
absence of all trials for comparison purposes makes the 
qualitative analysis between practice-retrieval contexts 
impossible.
Discussion
The purpose of this study was to establish a basis for 
identifying performance differences associated with the 
blocked and random practice schedule manipulation. To this 
end, the kinematic profiles of subjects exposed to different 
practice and retrieval contexts were examined in addition to 
movement time and standard deviations of movement time. It 
was predicted that the practice schedule manipulation would 
serve as a differential constraint on action; a constraint 
that influenced what subjects learned about their task 
environment (i.e., Newell & McDonald, 1992). Qualitatively, 
the results obtained here offer limited support for this 
view, in that the movement dynamics underlying the 
acquisition of movement tasks revealed differences with 
respect to both form and consistency as a function of the 
practice schedule manipulation. And as predicted, the 
kinematic differences were associated with movement time 
standard deviation differences (i.e., fast movements were 
accompanied by reduced variability and vice versa).
However, movement time and kinematic differences associated
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with transfer performance were not consistent with results 
from previous contextual interference studies.
Although blocked practice resulted in faster movement 
production times across all blocks of acquisition relative 
to random practice, only those subjects trained under a 
blocked format but transferred to a random retrieval context 
performed significantly poorer than all other practice- 
retrieval context groups. Second, this significant learning 
decrement was observed during retention testing alone. 
Finally, failure to differentiate performance between the 
remaining groups across both retention and transfer testing 
suggests the amount of practice the random subjects received 
was insufficient to learn the task. That is, these latter 
subjects failed to produce significantly faster movement 
times during retention and transfer testing relative to 
blocked practice subjects because they acquired only a 
limited degree of performance success during acquisition. 
This contention is supported by acquisition results, which 
showed random practice subjects never reached the level of 
performance achieved by blocked practice subjects, even 
during the final block of acquisition. In spite of this 
limitation, and especially in light of it, the kinematic 
results warrant discussion.
A comparison of the movement trajectories taken across
trials by subjects exposed to the different practice
schedule conditions revealed greater movement variability
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associated with random practice. This variability in the 
kinematic profiles is supported by the standard deviation 
differences found to exist between practice schedule 
conditions. As Newell & McDonald (1992) hypothesized, 
differential constraints on action impose differential 
constraints on what subjects learn about their task 
environment. Within the present study, it appears that 
learning differences may be attributed to not only what 
subjects learned about the task environment, but also, what 
they failed to learn.
According to the kinematic profiles obtained under the 
blocked practice condition, subjects learned little more 
about the task beyond that required to optimize the 
criterion movement itself. For example, the narrow path 
subjects traversed within the perceptual-motor workspace, 
reflected in the displacement profiles, and the resultant 
redundancy in the underlying movement dynamics underlying 
this narrow search, appear to have offered not only a 
limited sampling of information relevant to the task at 
hand, but also, provided a limited sampling of the entire 
workspace in general. More importantly, because the control 
dynamics are based upon information that remained stable or 
unique to a particular movement pattern within the 
perceptual-motor workspace during acquisition, a change in 
the stability of this information should have drastic 
consequences on the underlying control dynamics during
160
retention and transfer performance. This change in the 
stability of information within the perceptual-motor 
workspace may account for the performance of subjects 
trained under a blocked practice format but transferred to 
random retrieval format.
The kinematic profiles produced under a random practice 
schedule suggest subjects were free to engage in a 
relatively wide search of the perceptual-motor workspace. 
Here, repetition, such as it was, resulted in greater 
variability in the search strategies adopted by these 
subjects. This is because information within the 
perceptual-motor workspace would be unstable under a random 
practice schedule, and subjects would be inclined to develop 
a flexible strategy in both the way they acquired 
information and the way this information was ultimately put 
to use.
During retention and transfer testing, the blocked 
retrieval format yielded relatively consistent kinematic 
profiles when compared to random acquisition performance, 
suggesting the stability of information within the 
perceptual-motor workspace under the blocked retrieval 
format permitted extraneous control dynamics acquired during 
acquisition training to Hfall out" (i.e., Kay, 1988). 
However, this kinematic consistency is at odds with the 
movement time results. For example, one would expect the 
kinematics associated with producing the movement patterns
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to parallel performance outcome, and this did not occur.
As suggested earlier, it may be possible to account for 
the dissociation between the kinematic and performance 
outcome measures by contending that the amount of practice 
subjects received under the random practice format was 
insufficient to learn the task. This is not without some 
justification, because an important source of feedback, the 
location of fallen barriers, was absent from the present 
study due to modifications to the apparatus. Assuming the 
amount of practice received by subjects assigned to the 
random practice condition was insufficient to overcome the 
absence of feedback, it is possible that the optimal task 
solutions were not derived during acquisition training. 
Therefore, the purpose of Experiment 1 was to examine the 
performance differences associated with the practice 
schedule manipulation when subjects were provided sufficient 
training on the task.
Appendix C





















Department: Kinesiology {Motor Behavior)
Purpose: Examine the underlying movement dynamics
associated with variable practice
Please read the accompanying instructions carefully before consenting to be a participant in this experiment
I _______________ ,___________ (SSN) ________________________(Please Prxnt)
have read the instructions and agree to be a subject in the 
Contextual Interference Study.
For my participation, I will receive credit towards a course 
offered by the Department of Kinesiology. I understand that 
I may withdraw at any time from this experiment but that 




Instructions for Each Experiment
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Instructions for Pilot Study
Please read these instructions carefully
In front of you are a series of metal disks. On the 
backboard are diagrams that specify the order you will 
strike a given disk. Above each diagram is a colored light 
which signals the diagram you should refer to as the target 
pattern you will will perform. Learn to associate each 
colored light with its corresponding pattern because after a 
number of practice trials, the diagrams will be removed and 
you will be required to reproduce the appropriate pattern 
from memory.
Grasping the stylus in your right hand, place the metal 
tip of the stylus on the disk directly in front of you 
(start position). When the colored light illuminates, you 
will strike each disk in the order described in the diagram. 
Keep the stylus tip in contact with the start position while 
you examine the diagram corresponding to the colored light. 
When you are sure which disks you are to strike, move the 
stylus to the first disk in the series and "tap” it, then 
move quickly to the next disk in the series and so on, 
tapping each disk in succession. The top central disk is 
the stop position, and it should be the last disk you 
strike. Return the stylus to the start position and await 
feedback (accuracy and movement time). Try to improve your 
performance on both measures. You will receive 18 practice 
trials per pattern, for a total of 54 trials.
After practice, you will receive a 10 minute break.
When you return to the room, the diagrams will no longer be 
displayed. When prompted by a colored light, complete the 
movement pattern you practiced earlier as quickly and as 
accurately as possible. You will receive 3 trials per 
pattern, during which time no feedback will be provided. 
After you have completed 3 trials per practiced pattern, a 
new pattern will be presented. When all the lights activate 
simultaneously, please complete this new pattern as quickly 
and as accurately as possible. You will receive 3 trials on 
this pattern.
Please try to move as quickly and as accurately as 
possible during each phase of the experiment, as both your 
accuracy and movement times are being recorded.
The experimenter will provide a demonstration
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Instructions for Experiment 1
Please read these instructions carefully
In front of you are a series of metal disks. On the 
backboard are diagrams that specify the order you will 
strike a given disk. Above each diagram is a colored light 
which signals the diagram you should refer to as the target 
pattern you will will perform. Learn to associate each 
colored light with its corresponding pattern because after a 
number of practice trials, the diagrams will be removed and 
you will be required to reproduce the appropriate pattern 
from memory.
Grasping the stylus in your right hand, place the metal 
tip of the stylus on the disk directly in front of you 
(start position). When the colored light illuminates, you 
will strike each disk in the order described in the diagram. 
Keep the stylus tip in contact with the start position while 
you examine the diagram corresponding to the colored light. 
When you are sure which disks you are to strike, move the 
stylus to the first disk in the series and "tap" it, then 
move quickly to the next disk in the series and so on, 
tapping each disk in succession. The top central disk is 
the stop position, and it should be the last disk you 
strike. Return the stylus to the start position and await 
feedback (accuracy and movement time). Try to improve your 
performance on both measures. You will receive 36 practice 
trials per pattern, for a total of 108 trials.
After practice, you will receive a 10 minute break.
When you return to the room, the diagrams will no longer be 
displayed. When prompted by a colored light, complete the 
movement pattern you practiced earlier as quickly and as 
accurately as possible. You will receive 3 trials per 
pattern, during which time no feedback will be provided. 
After you have completed 3 trials per practiced pattern, a 
new pattern will be presented. When all the lights activate 
simultaneously, please complete this new pattern as quickly 
and as accurately as possible. You will receive 3 trials on 
this pattern.
Please try to move as quickly and as accurately as 
possible during each phase of the experiment, as both your 
accuracy and movement times are being recorded.
The experimenter will provide a demonstration
167
Intructions for Experiment 2
Please read these instructions carefully*
In front of you are a series of cardboard disks with 
holes punched in them with a number printed above each hole. 
On the backboard are diagrams that specify the order you 
will strike the disks. Above each diagram is a colored 
light which signals the movement pattern you are to perform 
on a given trial. Learn to associate each colored light 
with its corresponding pattern because after a number of 
practice trials, the diagrams will be removed and you will 
be required to reproduce the appropriate pattern from 
memory.
Grasping the stylus in your right hand, place the metal 
tip of the stylus on the disk directly in front of you 
(start). Before each trial begins, the experimenter will 
tell you which hole within the disks you should strike with 
the tip of the stylus. When the colored light illuminates, 
you will strike each disk in the order described in the 
diagram, restricting your contact with the disks to the hole 
location specified earlier. For example, if told the number 
3, you would confine the stylus contact to only those 
locations on the disk corresponding to the number 3.
Keep the stylus tip in contact with the metal disk while 
you examine the diagram corresponding to the colored light. 
When you are sure which disks (and the location within them) 
you are to strike, move the stylus to the first disk in the 
series and "tap" it, then move quickly to the next disk in 
the series, and so on, tapping each one in succession. The 
top central disk is the stop position, and it should be the 
last disk you strike. Return the stylus to the start 
position and await feedback (accuracy and movement time).
Try to improve your performance on both measures. You will 
receive 36 practice trials per pattern, for a total of 108 
trials.
After practice, you will receive a 10 minute break.
When you return to the room, the diagrams will no longer be 
displayed and the cardboard disks will be removed, exposing 
larger disk surfaces. When prompted by a colored light, 
complete the movement pattern you practiced earlier as 
quickly and as accurately as possible, striking anywhere on 
the disk surfaces. You will receive 3 trials per practiced 
pattern. At the conclusion of this test, a new pattern will 
be displayed* When all lights illuminate simultaneously, 
complete the movement pattern as quickly and as accurately 
as possible. You will receive 3 trials on the new pattern.
The experimenter will provide a demonstration
Appendix F 
Pilot Study Data and ANOVA Tables
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Table 1. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Acquisition S2 S6 S9 Sll S20 S21 S25
1 1 1944 2100 946 1161 1186 1223 980
2 I 2585 991 1215 1122 1196 1310 937
3 1 1759 882 1223 974 1204 1096 933
4 I 1478 865 986 917 1178 1136 924
5 1 1588 849 855 911 1134 1305 901
6 1 2372 834 893 921 1165 1209 1071
1 2 2366 2465 1024 1106 1662 1401 1191
2 2 2024 1346 1004 1443 1641 1172 949
3 2 1713 1206 1226 1146 1925 1204 1010
4 2 2040 1361 962 964 1352 1252 947
5 2 1430 1276 928 951 1330 1298 887
6 2 1822 1172 1224 966 1145 1223 1132
1 3 2034 1151 1591 1022 1327 1903 1754
2 3 1616 1449 892 977 1248 1361 1657
3 3 1269 1116 938 951 1164 Sw26 1684
4 3 1258 1148 880 985 1260 1501 1710
5 3 1160 1063 885 999 1117 1282 1372
6 3 1068 1133 906 1065 1100 1276 1460
Retention
1 1 2293 900 1202 1167 1622 1566 998
2 2 1572 1149 960 946 1250 1448 1131
3 3 1397 1274 1776 1100 1119 1726 1396
Transfer
1 4 1572 1249 4290 1484 1116 1572 1249
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Table 2. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Blocked-Random
Acquisition 83 810 812 815 818 824 828
1 1 1218 1654 2030 1052 1666 2881 983
2 1 1368 1092 1284 961 1386 2185 989
3 1 1365 1058 1262 974 1242 1461 943
4 1 1146 920 1191 1299 1098 1495 963
5 1 1131 1028 1153 950 1065 1429 990
6 1 1088 961 1102 895 1050 1333 962
1 2 2280 1110 1498 1189 2215 1916 963
2 2 1685 1107 1269 958 1279 2131 1135
3 2 1406 978 1275 903 1452 1261 956
4 2 1862 1140 1334 946 I486 1358 865
S 2 1182 1159 1318 926 1349 1180 903
6 2 1615 934 1339 929 1231 1389 974
1 3 1627 1369 1296 2092 1604 1691 1708
2 3 1202 1002 1307 2241 1337 1912 1114
3 3 1195 954 1273 1400 1270 2266 1609
4 3 1140 975 1247 1386 1205 1894 1216
5 3 1125 908 1169 1147 1118 1965 1364
6 3 1163 1179 1214 1052 1354 2057 1414
Retention
1 1 1613 1278 1220 1938 2148 1510 2119
2 2 1380 1010 1911 2366 1585 2321 2629
3 3 1439 1076 1968 2354 2748 2021 2440
Transfer
1 4 1301 1632 2144 3136 1770 2548 1639
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Table 3. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Random
Acquisition 85 S7 814 816 819 822 826
1 1 1635 2398 2691 2359 1940 2652 1407
2 1 2109 1847 1334 1293 2108 2306 1314
3 1 1450 1716 1192 993 1759 2035 1358
4 I 1861 1801 1149 941 1265 1809 1152
5 1 1334 1891 1074 1135 1598 1832 1036
6 1 1523 1263 1018 991 1560 1585 1315
1 2 2735 2446 1411 2355 2601 2440 2865
2 2 2578 3108 1272 1003 1639 2161 1606
3 2 2006 2301 1136 988 2465 1970 1247
4 2 2216 2142 1103 1234 1523 2105 1309
5 2 1556 1701 1042 1001 2359 1671 1042
6 2 1502 1864 960 903 1379 1853 1023
1 3 1451 3072 2311 1648 2978 4308 1610
2 3 1855 1788 1676 2714 2161 3099 1501
3 3 1613 2782 2052 1321 1639 2588 2103
4 3 1828 1920 1482 1265 1259 3016 2161
5 3 1397 1434 1133 1048 1808 2730 1463
6 3 2027 1357 1288 1088 1580 2588 1562
Retention
1 1 1310 1526 1055 1105 1231 1600 1139
2 2 1410 1384 1016 1080 176B 1707 1157
3 3 1307 1442 1061 1151 1528 1748 1891
Transfer
1 4 1343 1476 1088 1209 1440 1680 1308
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Table 4* Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Blocked
Acquisition Si S4 S8 S13 S17 S23 82 7
1 1 1771 2233 1934 2097 1927 1479 2452
2 1 1640 1791 1808 2726 1917 1235 1597
3 1 2188 2684 1530 2106 1980 1423 1464
4 1 1591 1650 1598 1822 1684 1505 1670
5 1 1297 2191 1305 1884 1727 1481 1497
6 1 1391 2091 1831 1557 1609 1024 1204
1 2 1722 2971 2222 2052 2461 2625 1710
2 2 2127 2670 2380 2444 2362 1213 1527
3 2 1539 2966 1526 2020 1741 1229 1767
4 2 1864 2901 1628 1864 1866 1468 1410
5 2 2019 2495 1701 1887 1509 1215 1400
6 2 1242 1768 1654 1687 1684 1654 1217
1 3 1713 2137 2640 2633 2913 2205 2066
2 3 1673 1507 1960 2477 2351 2076 2291
3 3 1470 3001 1614 2301 2983 1935 2128
4 3 1307 2488 1702 2042 2389 1649 2034
5 3 1617 2257 1337 2073 2005 1723 1761
6 3 1861 1803 1376 1605 1622 1645 1693
Retention
1 1 1394 1643 1374 1395 1405 1181 1271
2 2 1420 1578 1177 1372 1408 1146 1241
3 3 1525 1232 1529 1406 1271 1292 1356
Transfer
1 4 1348 1250 1522 1339 1366 1249 1262
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Table 5. Standard deviations as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Blockad-Blockad
Acquisition 32 S6 S9 Sll S20 S21 S25
1 1 538 1403 88 259 27 113 138
2 1 1110 55 201 184 79 173 82
3 1 561 13 239 26 6 34 43
4 1 75 46 119 5 57 58 30
5 1 146 49 54 15 13 198 55
6 1 1324 30 38 20 45 16 167
1 2 964 682 150 90 260 128 238
2 2 315 95 30 206 398 5 38
3 2 500 64 135 243 102 22 39
4 2 51 166 43 23 351 80 12
5 2 279 43 42 22 323 159 11
€ 2 32 46 40 40 55 20 188
1 3 607 67 655 44 36 396 264
2 3 566 277 127 43 61 70 611
3 3 28 31 121 18 11 291 212
4 3 61 69 94 59 319 286 146
5 3 18 83 127 28 36 53 224
6 3 12 34 112 182 40 36 371
Retention
1 1 1012 77 64 139 402 284 178
2 2 436 169 20 13 29 180 165
3 3 179 199 341 159 45 342 35
Transfer
1 4 204 174 442 77 15 204 174
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Table 6. Standard deviations as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Blocked-Random
Acquisition S3 S10 S12 S15 S18 S24 S28
1 1 47 624 740 72 447 75 29
2 1 300 202 37 48 143 572 36
3 1 225 146 83 37 136 61 55
4 1 10 28 45 420 41 117 24
5 1 58 205 39 18 22 88 53
6 1 14 35 30 11 62 28 22
1 2 199 155 208 115 153 562 3
2 2 478 188 10 37 59 104 223
3 2 346 38 15 29 284 16 34
4 2 901 212 130 44 130 80 27
5 2 41 171 162 75 88 29 16
6 2 637 4 70 26 22 156 65
1 3 585 259 170 670 268 348 182
2 3 56 5 51 152 17 417 16
3 3 39 28 75 111 50 122 816
4 3 15 82 113 309 135 88 299
5 3 34 32 50 20 39 70 202
6 3 30 182 97 35 323 59 276
Retention
1 1 237 336 76 881 495 168 527
2 2 49 52 921 762 263 262 1067
3 3 258 112 740 1029 1315 143 999
Transfer
1 4 0 547 562 1255 365 1025 488
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Table 7. Standard deviations as a function of movement
pattern, acquisition blocks, retention and transfer.
Acquisition S5 Si S14 S16 S19 S22 826
1 1 320 366 1550 1198 522 275 357
2 1 300 158 254 161 124 148 336
3 1 24 277 35 57 541 110 135
4 1 61 207 54 60 82 188 108
5 1 29 320 32 214 17 158 23
6 1 237 93 39 128 323 45 235
1 2 345 364 165 1010 985 114 2323
2 2 393 839 19 58 156 160 286
3 2 681 338 26 146 978 97 196
4 2 323 985 10 55 28 621 165
5 2 165 414 44 85 462 102 86
6 2 268 401 28 59 106 463 22
1 3 136 822 237 402 614 354 87
2 3 416 99 323 1492 491 661 359
3 3 269 729 1074 354 296 713 333
4 3 312 561 268 229 35 74 460
5 3 73 72 37 122 666 53 260
6 3 903 89 280 140 350 68 37
Retention
1 1 52 280 5 108 34 174 56
2 2 137 76 26 56 178 65 104
3 3 149 67 12 76 131 121 164
Transfer
1 4 72 179 15 85 121 93 404
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Table 8. Standard deviations as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Blocked
Acquisition 81 84 S8 813 817 823 827
1 1 144 82 130 120 680 305 540
2 1 309 310 280 1001 109 101 130
3 1 873 811 170 291 105 405 129
4 1 237 40 153 143 41 255 10
5 1 14 331 139 124 277 307 302
6 1 228 511 288 181 101 96 77
1 2 281 18 399 129 512 1867 82
2 2 115 333 643 390 196 84 153
3 2 344 565 59 220 92 180 273
4 2 394 249 247 74 162 198 57
5 2 836 618 466 195 81 205 65
6 2 47 98 397 168 156 447 85
1 3 165 309 687 814 948 868 357
2 3 300 144 94 307 320 468 609
3 3 227 1048 132 380 200 649 135
4 3 82 285 135 327 527 30 413
5 3 256 1035 69 408 610 517 340
6 3 902 82 130 241 241 58 477
Retention
1 1 97 128 lie 88 59 58 36
2 2 56 84 59 16 42 73 33
3 3 201 117 256 38 11 43 18
Transfer1 4 93 79 54 167 8 58 25
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Table 9. ANOVA Table for Acquisition (HT) in Pilot Study. 
Tests of Between-Subjects Effect.












Tests involving 'BLOCKS' Within-Subject Effect.
Mauchly sphericity test, W ■ 
Chi-square approx. ■ 
Significance ■
Greenhouse-Geisser Epsilon “ 
Huynh-Feldt Epsilon - 
Lower-bound Epsilon *
.08850 





EFFECT PRAC BY BLOCKS
Test Name Value Approx. F Hypoth. DF Error DF P
Pillais .51141 4.60553 5.00 22.00 .005
Hotellings 1.04671 4.60553 5.00 22.00 .005
Wilks .48859 4.60553 5.00 22.00 .005
Roys .51141
EFFECT .. BLOCKS
Test Name Value Approx. F Hypoth. DF Error DF P
Pillais .86689 28.65609 5.00 22.00 .000
Hotellings 6.51275 28.65609 5.00 22.00 .000
Wilks .13311 28.65609 5.00 22.00 .000
Roys .86689
Tests involving 'BLOCKS' Within-Subject Effect. 









PRAC BY BLOCKS 1043590.32 5 208718.06 8.96 .000
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Table 10. ANOVA Tables for Retention and Transfer (MT) in 
Pilot Study.
Retention
Source of Variation SS df MS F P
Main Effects 815645.214 2 407822.607 4.486 .022
PRAC 115072.321 1 115072.321 1.266 .272
RETREV 700572.893 1 700572.893 7.707 .010
2-way Interactions 280200.036 1 280200.036 3.082 .092
PRAC RETREV 280200.036 1 280200.036 3.082 .092
Explained 1095845.250 3 365281.750 4.018 .019
Residual 2181640.857 24 90901.702
Total 3277486.107 27 121388.374
Transfer































Explained 837358.679 3 279119.560 2.128 .123
Residual 3148594.571 24 131191.440
Total 3985953.250 27 147627.898
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Table 11. ANOVA Table for Acquisition (SD) in Pilot Study. 
Tests of Between-Subjects Effect.













Tests involving 'BLOCKS' Within-Subject Effect.
Mauchly sphericity test, W 
Chi-square approx. ■ 
Significance m
Greenhouse-Geisser Epsilon 










EFFECT PRAC BY BLOCKS
Test Name Value Approx. F Hypoth. DF Error DF P
Pillais .25165 1.47958 5.00 22.00 .237
Hotellings .33627 1.47958 5.00 22.00 .237
Wilks .74835 1.47958 5.00 22.00 .237
Roys .25165
EFFECT .. BLOCKS
Test Name Value Approx. F Hypoth. DF Error DF P
Pillais .71604 11.09494 5.00 22.00 .000
Hotellings 2.52158 11.09494 5.00 22.00 .000
Wilks .28396 11.09494 5.00 22.00 .000
Roys .71604
Tests involving 'BLOCKS' Within-Subject Effect.
Source of Variation SS df MS F p
WITHIN CELLS 2218249.58 130 17063.46
BLOCKS 1550400.56 5 310080.11 18.17 .000
PRAC BY BLOCKS 142042.79 5 28408.56 1.66 .148
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Table 12. ANOVA Tables for Retention and Transfer (SD) in 
Pilot study.
Retention














2-way Interactions 462 3.430 
PRAC RETREV 462 3.430
Explained 234741.081
Residual 1408673.443
2 95685.714 1.990 . 1591 128386.286 2.671 . 1151 62985.143 1.310 .264
1 31022.286 .645 .430
1 31022.286 .645 .430
3 74131.238 1.542 .229
24 48072.881
27 50968.254
df MS F p
2 115058.826 1.960 .163
1 15182.286 .259 .616
1 214935.366 3.662 .068
1 4623.430 .079 .781
1 4623.430 .079 .781
3 78247.027 1.333 .287
24 58694.727
Total 1643414.524 27 60867.205
Appendix 6 
Experiment 1 Data and ANOVA Tables
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Table 13* Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Acquisition S2 S3 S7 S13 S16 822 824
1 1 2 .59 1.61 1.45 2.25 1.37 1.93 1.29
2 1 1.86 2.12 1.15 1.40 1.44 1.61 1.16
3 1 1.70 1.86 1.10 1.40 1.23 1.60 1.20
4 1 1.52 1.58 1.20 1.32 1.22 1.87 1.11
5 1 1.51 1.85 1.18 1.28 1.22 1.71 1.19
6 1 1.52 2.05 1.31 1.31 1.29 1.54 1.21
7 1 1.39 2.30 1.08 1.25 1.20 1.35 1.17
8 1 1.46 2.09 1.26 1.32 1.16 1.55 1.08
9 1 1.45 1.40 1.35 1.37 1.08 1.40 1.10
10 1 1.34 1.63 1.20 1.21 1.12 1.38 1.15
11 1 1.57 1.67 1.22 1.17 1.17 1.40 1.02
12 1 1.70 1.50 1.10 1.40 1.15 1.35 1.10
1 2 1.75 1.94 1.59 1.47 2.09 1.54 2.15
2 2 1.85 1.73 1.22 2.01 1.67 2.26 1.95
3 2 2.27 1.90 1.30 1.74 1.51 1.90 1.95
4 2 1.59 1.01 1.18 1.85 1.55 1.99 1.90
5 2 1.59 1.47 1.23 1.77 1.32 1.80 2.02
6 2 1.90 1.54 1.26 1.71 1.55 2.23 1.83
7 2 1.77 1.72 1.39 1.69 1.61 1.51 2.56
8 2 1.63 1.86 1.37 1.97 1.87 1.82 1.87
9 2 1.54 1.79 1.69 1.53 1.74 1.57 2.04
10 2 2.51 2.31 1.35 1.69 1.28 1.80 2.00
11 2 1.72 2.42 1.16 2.24 1.47 1.87 1.72
12 2 1.62 1.69 1.16 1.70 1.48 1.46 1.66
1 3 2.45 2.08 2.82 1.36 2.27 1.79 1.09
2 3 2.02 1.80 1.49 1.27 1.25 1.47 1.06
3 3 1.72 1.95 1.60 1.34 1.20 1.42 1.01
4 3 1.87 1.80 1.42 1.34 1.18 1.44 1.07
5 3 1.47 1.98 1.40 2.98 1.14 1.50 1.14
6 3 1.77 2.54 1.13 2.48 1.11 1.39 1.02
7 3 1.61 2.90 1.35 1.06 1.07 1.27 1.05
8 3 1.42 1.55 1.19 1.02 1.11 1.42 1.04
9 3 1.59 2.05 1.61 1.12 1.13 1.46 1.02
10 3 1.45 1.41 1.72 1.47 1.12 1.39 1.02
11 3 1.54 1.89 1.27 1.18 1.17 1.35 1.06
12 3 1.42 1.96 1.18 1.24 1.12 1.63 0.97
Retention
1 1 1.40 1.76 1.50 1.92 1.26 3.29 1.35
2 1.42 1.66 1.76 1.61 1.38 2.90 1.62
3 3 1.86 1.43 1.54 1.17 1.77 1.95 1.15
Transfer
1 4 1.73 2.39 3.24 4.00 2.06 2.15 1.24
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Table 14. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer*
Acquisition S4 S9 S12 S15 S19 S23 S27
1 1 1.38 1.51 1.51 1.42 1.76 1.49 1.99
2 1 1.48 1.35 1.13 1,27 1.40 1.36 2.21
3 1 1.44 1.24 1.13 1.31 1.51 1.41 2.27
4 1 1.49 1.24 1.15 1.25 1.40 1.34 1.94
5 1 1.38 1.17 1.08 1.32 1.32 1.34 2.00
6 1 1.45 1.35 1.27 1.30 1.33 1.36 2.21
7 1 1.29 1.22 1.21 1.30 1.34 1.41 1.96
8 1 1.21 1.21 1.2$ 1.19 1.33 1.24 1.66
9 1 1.20 1.29 1.28 1.29 1.27 1,45 1.30
10 1 1.24 1.16 1.16 1.30 1.36 1,27 1.28
11 1 1.22 1.14 1.21 1.18 1.40 1.28 1.14
12 1 1.22 1.22 1.24 1.40 1.29 1.45 1.17
1 2 1.16 1.73 2.24 1.97 3.88 2.05 2.55
2 2 1.18 1.63 2.10 1.59 2.47 1.59 1.90
3 2 1.17 1.72 1.98 1.77 4.78 1.93 2.01
4 2 1.16 1.58 2.13 2.20 1.90 1.90 1.83
5 2 1.94 1.52 1.86 1.72 1.86 1.51 1.78
6 2 1.60 1.57 2.00 1.74 1.78 2.13 1.88
7 2 1.33 1.49 1.79 1.35 1.37 1.94 2.02
8 2 1. 17 1.54 1.61 1.53 1.87 2.07 2.00
9 2 1.22 1.59 1.96 1.38 2.00 2.24 2.02
10 2 1.16 1.42 1.89 1.56 2.17 1.50 1.91
11 2 1.36 1.39 1.97 1.71 1.98 1.24 1.61
12 2 1.36 1.50 1.81 1.82 1.98 1.46 1.56
1 3 1.99 1.44 1.21 1.64 1.79 1.88 1.46
2 3 1.32 1.64 1.18 1.28 1.67 1.47 1.30
3 3 1.36 2.04 1.18 2.72 1.88 1.38 1.23
4 3 1.65 1.33 1.23 3.21 1.65 1.30 1.15
5 3 1.18 1.46 1.22 3.31 1.60 1.10 1.11
6 3 1.34 1.65 1.27 1.36 1.83 1.16 1.11
7 3 2.18 1.43 1.14 1.32 1.95 1.28 1.21
8 3 1.57 1.51 1.12 1.27 2.06 1.25 1.16
9 3 1.43 1.41 1.10 1.27 2.16 1.39 1.18
10 3 1.29 1.42 1.14 1.25 1.50 1.37 1.22
11 3 1.39 1.52 1.20 1.40 1.45 1.34 1.24
12 3 1.34 1.45 1.77 1.26 1.43 1.35 1.20
Retention
1 1 2.28 3.45 2.31 1.61 2.11 4.21 2.96
2 2 1.70 3.01 2.29 2.35 2.81 3.47 4.42
3 3 1.82 2.35 3.70 2.10 3.35 4.59 3.51
Transfer
1 4 1.71 1.85 4.83 1.23 2.32 4.51 3.08
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Table 15. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Random
Acquisition S6 S8 814 sie 820 S26 828
1 1 1.73 2.12 2.63 3.04 3.53 3.30 2.40
2 1 1.54 1.73 1.75 3.04 3.17 2.41 2.38
3 1 1.68 1.80 1.62 2.34 2.03 2.80 2.04
4 1 2.42 1.89 1.47 2.85 2.12 1.29 2.58
5 1 2.29 1.98 1.61 2.16 1.79 2.16 2.19
6 1 2.30 1.70 1.55 2.14 1.82 2.12 1.70
7 1 1.91 1.52 1.21 1.70 1.60 2.23 1.62a 1 2.11 1.51 1.31 1.99 1.69 2.15 2.16
9 1 2.52 1.47 1.48 1.85 1.85 2.08 1.95
10 1 1.89 1.46 1.59 1.89 1.44 2.36 1.59
11 1 1.54 1.47 1.33 1.55 1.51 2.23 1.86
12 1 1.45 1.47 1.28 1.49 1.33 2.39 1.38
1 2 2.16 2.14 2.99 3.41 3.56 2.05 2.41
2 2 1.91 1.79 3.24 3.80 2.30 3.08 2.29
3 2 1.94 1.77 2.49 3.52 2.64 2.77 2.02
4 2 2.10 2.89 1.98 2.B2 2.03 1.62 2.18
5 2 2.58 2.25 2.32 3.07 2.08 2.56 2.17
6 2 1.73 1.81 2.94 3.27 2.17 2.39 1.65
7 2 2.23 1.61 2.25 3.06 1.36 2.27 1.74
8 2 1.80 1.65 2.10 2.68 1.53 2.44 1.84
9 2 1.82 1.93 1.59 2.83 2.36 1.97 1.56SW
10 2 2.33 1.86 1.77 2.66 1.95 2.10 2.09
11 2 1.42 1.43 2.23 1.69 1.46 2.37 1.83
12 2 1.68 1.41 2.95 1.77 3.24 2.98 1.83
1 3 2.42 2.19 2.31 4.10 2.82 2.52 2.47
2 3 3.87 1.94 1.74 3.08 2.51 2.72 2.16
3 3 1.89 1.78 1.84 2.90 2.38 1.91 2.26
4 3 2.30 1.88 1.82 2.57 2.57 1.80 2.53
5 3 2.26 2.06 1.74 2.45 2.10 2.53 2.19
6 3 2.32 2.11 1.62 2.43 1.62 2.45 1.93
7 3 1.99 1.77 1.31 2.04 1.55 2.20 1.82
8 3 2.26 1.57 1.49 1.89 1.32 2.15 2.08
9 3 2.06 1.74 1.62 1.64 2.29 2.35 2.21
10 3 1.74 1.52 1.68 2.44 1.40 2.42 2.12
11 3 1.66 1.48 1.24 1.75 1.62 2.37 1.98
12 3 1.54 1.38 1.38 1.63 1.34 2.19 1.78
Retention
1 1 1.47 1.44 2.01 1.83 1.56 2.08 1.92
2 2 1.61 2.17 1.56 2.18 1.65 1.95 1.82
3 3 1.57 1.37 2.27 1.54 1.69 2.78 2.25
Transfer
1 4 1.63 1.50 2.23 2.95 1.39 2.17 1.23
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Table 16. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Blocked
Acquisition Si S5 S10 Sll S17 S21 S25
1 1 3.14 2 .74 1.89 2.71 1.79 3.43 1.88
2 1 2.42 3.05 1.75 2.23 1.67 3.09 2.20
3 1 2.24 3.00 1.64 1.89 2.66 3.02 2.27
4 1 2.21 2.52 1.70 2.45 1.86 3.83 1.74
5 1 2.89 2.87 1.54 1.90 1.52 2.79 2.06
6 1 2.30 2.30 2.25 2 .14 1.39 2 .10 1.76
7 1 2.11 2 .37 1.40 2.17 1.45 1.90 2.10e 1 2.58 2 .34 1.45 2 .08 1.36 2 .04 2.009 1 2.04 2.26 1.12 1.82 1.61 1.80 1.53
10 1 2.65 1.76 1.20 2.20 1.44 1.51 1.20
n 1 2.25 2 .10 1.48 1.68 1.54 1.73 1.32
12 1 1.66 2 .03 1.44 1.94 1.33 1.26 1.34
1 2 2.71 4.70 2.47 3.21 3.28 3.58 2.52
2 2 2.32 3.06 2.11 2 .36 2.99 4.08 2.24
3 2 2.14 3 .03 2.01 2 .20 2.81 3 .50 2.47
4 2 2.74 2 .57 2.50 2 .47 1.92 3.35 1.92
5 2 2.05 2 .30 2.71 2 .10 1.58 3.33 2.28
6 2 2.38 2.20 1.79 2.11 1.92 2.81 1.78
7 2 2.28 2.29 2.15 2.47 1.73 2.91 1.95
8 2 2 .87 2 .36 1.64 2 .17 1.40 2.32 1.81
9 2 2.33 2.90 2.02 2.67 1.60 1.76 1.89
10 2 2.30 2 .30 1.35 2 .B0 1.90 2.17 1.34
11 2 2.37 1.99 1.17 1.67 1.59 2.32 1.38
12 2 2.22 2.00 1.56 3.07 1.51 1.75 1.43
1 3 3.03 2.51 2 .08 3.40 1.97 3.37 2.20
2 3 3.06 3.67 1.65 2.82 1.77 3.00 2.84
3 3 2.56 3.09 1.47 1.82 2.05 3.06 2.02
4 3 2.40 2.78 1.65 3.19 1.89 3.45 1.72
5 3 1.86 2.28 2.79 2.17 2.00 3.73 2.04
6 3 1.88 2.24 1.77 2.09 1.49 2.01 1.91
7 3 2.71 2 .14 1.92 3.25 1.77 2.33 1.87e 3 2.01 2.43 1.16 1.90 1.49 2.56 1.68
9 3 2.83 2.41 1.38 2.24 1.42 1.74 1.92
10 3 1.91 2 .49 1.42 2.16 1.45 1.65 1.31
11 3 1.90 2 .39 1.45 2.24 1.57 2.44 1.65
12 3 1.66 2 .10 1.35 3.07 1.44 1.61 1.28
Retention
1 1 1.53 1.77 1.00 3.05 1.35 1.52 1.10
2 2 1.55 1.71 1.29 1.75 1.41 1.5B 1.26
3 3 1.54 2 .03 1.49 1.47 1.30 1.41 1.16
Transfer
1 4 1.71 1.66 0.98 1.74 1.33 1.50 1.20
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Table 17. Standard deviation as a function of movement
pattern, acquisition blocks, retention and transfer.
Acquisition S2 S3 S7 513 S16 S22 S24
1 1 0.55 0.03 0.04 1.13 0.07 0.27 0.13
2 1 0.05 0.29 0.02 0.03 0.09 0.11 0.02
3 1 0.10 0.33 0.02 0.09 0.01 0.04 0.10
4 1 0.03 0.07 0.15 0.05 0.01 0.28 0.01
5 1 0.04 0.28 0.16 0.04 0.02 0.11 0.08
6 1 0.03 0.31 0.13 0.11 0.03 0.10 0.07
7 1 0.01 0.07 0.03 0.02 0.06 0.03 0.11e 1 0.12 0.12 0.10 0.09 0.03 0.09 0.03
9 1 0.07 0.04 0.13 0.21 0.02 0.03 0.04
10 1 0.04 0.30 0.06 0.03 0.06 0.02 0.12
11 1 0.10 0.23 0.13 0.02 0.01 0.06 0.02
12 1 0.26 0.09 0.12 0.16 0.02 0.03 0.07
1 2 0.10 0.26 0.55 0.24 0.11 0.39 0.72
2 2 0.21 0.15 0.08 0.07 0.49 0.20 0.13
3 2 0.36 0.28 0.10 0.27 0.30 0.38 0.07
4 2 0.04 0.07 0.18 0.06 0.31 0.47 0.07
S 2 0.06 0.05 0.14 0.43 0.02 0.32 0.076 2 0.43 0.36 0.14 0.28 0.38 0.12 0.04
7 2 0.28 0.41 0.17 0.36 0.37 0.09 1.018 2 0.05 0.33 0.15 0.01 0.39 0.40 0.01
9 2 0.02 0.33 0.45 0.43 0.26 0.23 0.05
10 2 0.69 0.37 0.13 0.37 0.04 0.19 0.02
11 2 0.04 0.27 0.10 0.32 0.32 0.46 0.19
12 2 0.07 0.13 0.05 0.27 0.34 0.33 0.09
1 3 0.47 0.35 1.03 0.14 0.17 0.29 0.07
2 3 0.40 0.42 0.04 0.02 0.05 0.03 0.03
3 3 0.17 0.49 0.20 0.04 0.03 0.11 0.09
4 3 0.51 0.58 0.16 0.17 0.02 0.06 0.04
5 3 0.12 0.46 0.15 0.36 0.03 0.10 0.13
6 3 0.22 0.26 0.04 0.95 0.02 0.00 0.11
7 3 0.15 0.20 0.16 0.08 0.02 0.01 0.008 3 0.03 0.39 0.14 0.10 0.01 0.08 0.01
9 3 0.14 0.44 0.51 0.01 0.04 0.09 0.05
10 3 0.03 0.01 0.61 0.51 0.03 0,05 0.05
11 3 0.21 0.19 0.01 0.02 0.01 0.05 0.08
12 3 0.05 0.18 0.04 0.10 0.00 0.08 0.04
Retention
1 1 0.11 0.59 0.20 0.53 0.17 0.51 0.26
2 2 0.09 0.24 0.24 0.37 0.32 0.89 0.12
3 3 0.39 0.12 0.36 0.04 0.35 0.05 0.11
Transfer
1 4 0.31 1.11 1.29 0.38 0.71 0.54 0.03
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Table 18* Standard deviation aa a function of movement
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Table 19. Standard deviation as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Fattarn Random -Random
sitlon S6 SB S14 S18 S21 S26 S28
1 1 0.10 0.27 0.55 0.17 1.65 0.86 0.45
2 1 0.06 0.07 0.11 0.48 0.14 0.41 0.77
3 1 0.03 0.13 0.19 0.49 0.70 0.14 0.43
4 1 0.29 0.37 0.02 0.31 0.29 0.03 0.79
5 1 0.28 0.57 0.41 0.05 0.10 0.64 0.35
6 1 0.50 0.08 0.11 0.24 0.30 0.48 0.20
7 1 0.32 0.12 0.04 0.11 0.23 0.05 0.36
8 1 0.47 0.06 0.10 0.39 0.13 0.06 1.21
9 1 1.32 0.04 0.24 0.24 0.43 0.36 0.19
10 1 0.27 0.08 0.18 0.19 0.17 0.30 0.12
11 1 0.05 0.04 0.04 0.03 0.24 0.11 0.23
12 1 0.07 0.06 0.12 0.04 0.07 0.05 0.29
1 2 0.50 0.50 0.93 1.57 2.04 0.66 0.18
2 2 0.32 0.03 0.19 0.68 0.20 0.10 0.13
3 2 0.34 0.06 0.33 0.11 1.09 0.32 0.43
4 2 0.24 0.66 0.25 0.73 0.52 0.41 0.25
5 2 0.16 0.47 0.37 0.94 0.31 0.06 0.18
6 2 0.03 0.20 1.33 0.40 0.27 0.11 0.29
7 2 0.41 0.23 0.31 0.58 0.15 0.11 0.34
8 2 0.33 0.18 0.07 0.11 0.28 0.22 0.41
9 2 0.36 0.50 0.33 0.38 0.50 0.46 0.35
10 2 1.12 0.37 0.44 0.04 0.32 0.43 0.66
11 2 0.05 0.18 0.29 0.06 0.07 0.02 0.52
12 2 0.37 0.07 1.69 0.06 2.04 0.99 0.16
1 3 0.85 0.37 0.42 1.26 0.58 0.80 0.28
2 3 2.08 0.25 0.13 1.03 0.16 0.19 0.26
3 3 0.35 0.10 0.12 0.13 0.44 0.64 0.13
4 3 0.39 0.13 0.30 0.16 0.33 0.82 0.74
5 3 0.35 0.46 0.20 0.17 0.07 0.15 0.77
6 3 0.56 0.62 0.39 0.18 0.22 0.15 0.42
7 3 0.55 0.11 0.09 0.14 0.27 0.00 0.40
8 3 0.35 0.04 0.21 0.28 0.03 0.12 0.49
9 3 0.40 0.09 0.51 0.25 0.28 0.03 0.50
10 3 0.25 0.00 0.38 0.64 0.04 0.09 0.09
11 3 0.15 0.05 0.13 0.10 0.41 0.07 0.17
12 3 0.07 0.01 0.02 0.08 0.14 0.24 0.26
tention
1 1 0.15 0.15 0.82 0.15 0.29 0.19 0.52
2 2 0.04 0.64 0.29 0.42 0.33 0.50 0.08
3 3 0.06 0.09 0.66 0.09 0.29 0.51 0.27
ansfar
1 4 0.12 0.04 0.16 1.01 0.03 0.42 0.13
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Table 20. Standard deviation as a function of movement
pattern, acquisition blocks, retention and transfer.
Block Pattern Random-Blocked
Acquisition Si SS S10 Sll S17 S21 a25
1 1 0.76 0.13 0.04 0.23 0.12 0.63 0.09
2 1 0.24 0.43 0.25 0.12 0.07 0.65 0.56
3 1 0.69 1.00 0.18 0.05 0.40 0.66 0.54
4 1 0.15 0.18 0.22 0.42 0.24 1.02 0.45
5 1 0.35 0.04 0.08 0.10 0.26 0.62 0.28
6 1 0.14 0.24 0.57 0.59 0.04 0.28 0.29
7 1 0.26 0.54 0.25 0.27 0.09 0.44 0.09
8 1 0.38 0.38 0.43 0.22 0.01 0.08 0.07
9 1 0.47 0.32 0.06 0.35 0.06 0.44 0.39
10 1 1.13 0.01 0.12 0.67 0.14 0.09 0.01
11 1 0.17 0.09 0.38 0.29 0.27 0.57 0.12
12 1 0.06 0.36 0.31 0.27 0.01 0.09 0.18
1 2 0.54 1.40 1.13 1.19 0.21 1.65 0.38
2 2 0.20 0.22 0.53 0.19 0.12 0.61 0.28
3 2 0.30 0.55 0.74 0.40 0.45 0.23 0.19
4 2 0.58 0.52 1.14 0.53 0.45 0.29 0.34
5 2 0.07 0.39 0.31 0.14 0.10 0.39 0.70
6 2 0.43 0.11 0.42 0.35 0.22 0.45 0.46
7 2 0.50 0.48 0.26 0.26 0.38 0.08 0.27
8 2 0.85 0.23 0.28 0.61 0.14 0.86 0.31
9 2 0.38 0.34 0.77 0.22 0.40 0.21 0.22
10 2 0.78 0.28 0.38 1.23 0.38 0.25 0.04
11 2 0.26 0.35 0.14 0.04 0.25 0.66 0.18
12 2 0.60 0.10 0.27 1.12 0.35 0.30 0.22
1 3 0.86 0.14 0.46 1.37 0.56 0.41 0.62
2 3 1.03 0.59 0.16 0.74 0.16 0.26 0.72
3 3 0.54 0.58 0.15 0.14 0.32 0.10 0.38
4 3 0.38 0.26 0.22 1.23 0.34 1.25 0.31
5 3 0.24 0.15 1.44 0.27 0.41 1.19 0.16
6 3 0.10 0.15 0.71 0.39 0.09 0.34 0.36
7 3 0.36 0.26 0.65 0.90 0.33 0.53 0.35
8 3 0.32 0.17 0.07 0.15 0.11 1.39 0.31
9 3 1.57 0.29 0.24 0.76 0.03 0.15 0.25
10 3 0.19 0.29 0.27 0.75 0.06 0.26 0.14
11 3 0.31 0.21 0.46 0.91 0.21 0.52 0.30
12 3 0.05 0.28 0.19 1.10 0.20 0.20 0.09
Retention
1 1 0.08 0.04 0.09 1.27 0.03 0.14 0.13
2 2 0.05 0.03 0.22 0.30 0.06 0.21 0.33
3 3 0.02 0.15 0.34 0.14 0.01 0.19 0.18
Transfer
1 4 0.07 0.07 0.04 0.31 0.02 0.19 0.17
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Table 21. Mean reaultant displacement as a function of
movement segment, acquisition blocks, retention and transfer.
Acquisition
subjset segment Block 1 Block 2 Rstsntion Tranafsr
BB1 1 0.16 0.60 0.38 0.96
2 0.19 0.36 0.27 0.29
3 0.04 0.30 0.39 0.24
4 0.32 0.20 0.83 0.88
BB2 1 0.37 1.52 0.52 0.29
0.30 0.77 0.07 0.48
0.30 0.28 0.48 0.77
4 0.42 0,78 1.25 0.27
BB3 1 0.45 0.11 0.10 0.50
0.31 0.19 0.05 2.69
3 0.60 0.42 0.57 0.08
4 1.09 0.18 0.41 0.99
BB4 1 0.62 0,47 0.06 0.67
2 0.51 0.69 0.21 0.78
3 0.18 0.29 0.43 0.15
4 0.26 0.72 1.26 0.64
BB5 1 0.75 0.42 0.37 1.44
0.29 0.45 0.44 0.72
3 0.37 0.46 0.46 0.77
4 1.15 0.73 1.53 1.34
BR1 1 0.12 0.28 0.44 0.63
0.52 0.30 1.14 0.17
0.17 0.46 0.35 0.55
4 0.55 0.12 2.05 0.52
BR2 1 0.15 0.15 0.52 0.61
0.57 0.51 0.69 0.69
3 0.76 0,79 0.92 0.78
4 1.84 0.46 1.15 1.27
BR3 1 0.70 0.40 0.13 0.70
0.16 0.48 0.32 0.24
3 0.06 0.51 2.11 0.40
4 1.68 1.26 0.73 1.05
BR4 1 0.53 0.35 0.29 0.14
0.11 0.09 0.42 0.40
3 0.24 0.23 0,70 0.65
4 0.09 0,30 1.38 0.45
BR5 1 0.47 0.33 1.11 0.45
0.37 0.61 1.36 0.23
3 0.35 0.76 0.54 0.34
1----- 4 0.40 0.67 1.62 0.83 |
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Table 22. Mean resultant displacement as a function of
movement segment, acquisition blocks, retention and transfer.
Acquisition
subject Segment Block 1 Block 2 Retention Transfer
RRl 1 0.28 0.30 0.49 2.57
2 0.67 0.42 0.54 0.78
3 1.00 0.45 0.26 0.44
4 0.42 0.84 0.31 0.39
RR2 1 0.56 1.06 0.47 0.75
2 0.37 0.26 0.19 0.16
3 0.29 0.52 0.65 0.35
4 0.79 1.71 0.39 0.40
RR3 1 0.76 0.47 0.41 0.54
2 0.29 0.41 0.21 0.36
3 0.65 0.70 0.24 0.39
4 1.07 1.74 0.54 0.47
RR4 1 0.30 0.72 0.35 0.59
2 0.97 0.43 0.38 0.36
3 0.40 0.61 0.46 0.60
4 0.38 0.49 0.31 0.60
RR5 1 1.00 0.96 0.90 0.58
2 0.96 0.40 0.47 0.84
3 0.67 0.14 0.27 0.36
4 1.03 0.46 0.42 1.13
RBI 1 0.58 0.67 0.41 0.20
2 0.35 0.64 0.37 0.83
3 0.26 0.62 0.22 0.95
4 0.39 2 .69 0.23 0.77
RB2 1 0.34 0. 15 0.69 0.46
2 0.13 0.11 0.66 0.18
3 0.12 0.85 0.75 0.20
4 1.32 0.67 0.48 0.30
RB3 1 0.99 0.59 0.17 0.47
2 0.71 0.41 0.47 1.06
3 0.66 1.21 0.19 0.48
4 2.05 2.00 0.76 0.54
RB4 1 0.48 0.40 0.31 0.41
2 0.30 0.33 0.09 1.05
3 0.85 0.50 0.13 1.51
4 1.07 0.90 0.50 0.50
RB5 1 0.11 0.85 0.44 0.34
2 0.30 0.45 0.54 0.66
3 0.83 0.61 0.13 0.10
4 1.92 0.62 0.24 0.48
192
Table 23. Accuracy (% correct) performance as a function of
acquisition, retention and recall.
Acquis ition Retention Recall
condition Errors % Errors « Errors «
bbl B 93 3 75 0 100
bb2 3 97 0 100 0 100
bb3 0 100 2 83 2 33
bb4 3 97 1 92 2 33
bb5 1 99 1 92 1 67
bb6 1 99 2 83 1 67
bb7 2 98 4 67 2 33
brl 4 96 1 92 2 33
br2 4 96 4 67 2 33
br3 9 92 2 83 1 67
br4 2 98 0 100 0 100
br5 7 94 7 42 0 100
br6 7 94 3 75 1 67
br7 0 100 5 58 3 0
rrl 12 89 6 50 1 67
rr2 4 96 0 100 0 100
rr3 11 90 1 92 0 100
rr4 4 96 3 75 0 100
rr5 1 99 0 100 0 100
rr6 3 97 1 92 0 100
rr7 7 94 5 58 1 67
rr8 4 96 0 100 0 100
rbl 10 91 3 75 0 100
rb2 2 90 3 75 2 33
rb3 9 92 0 100 0 100
rb4 4 96 0 100 0 100
rb5 2 98 0 100 1 67
rb6 3 97 0 100 0 100
rb7 4 96 0 100 1 67
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Table 24. ANOVA Table for Acquisition (MT) in Experiment 
Tests of Between-Subjects Effects*























Tests involving 'BLOCKS' Within-Subject Effect.
Mauchly sphericity test, W 
Chi-square approx. “ 
Significance -
Greenhouse-Geisser Epsilon 
Huynh-Feldt Epsilon ■ 
Lower-bound Epsilon “
.00068
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Tests involving 'BLOCKS' Within-Subject Effect.





PRAC BY BLOCKS 
RETREV BY BLOCKS 
PRAC BY RETREV BY 
BLOCKS
ss DF MS F p
15.84 264 .06
12.74 11 1.16 19.31 .000
3.49 11 .32 5.28 .000
.17 11 .02 .26 .992
.71 11 .06 1.08 .380
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Table 25. ANOVA TableB for Retention and Transfer (MT) and 
in Experiment 1.
Retention
Source of Variation SS DF MS F PMain Effects 6.014 2 3.007 11.412 .000
PRAC 2.349 1 2.349 8.915 .006
RETREV 3.665 1 3.665 13.910 .001
2-way Interactions 1.449 1 1.449 5.500 .028
PRAC RETREV 1.449 1 1.449 5.500 .028
Explained 7.463 3 2.488 9.442 .000
Residual 6.324 24 .263
Total 13.787 27 .511
Transfer
Source of Variation SS DF MS F p
Main Effects 7.308 2 3.654 4.415 .023
PRAC 6.148 1 6.148 7.428 .012
RETREV 1.160 1 1.160 1.402 .248
2-way Interactions .002 1 .002 .003 .957
PRAC RETREV .002 1 .002 .003 .957
Explained 7.310 3 2.437 2.944 .053
Residual 19.863 24 .828
Total 27.174 27 1.006
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Table 26. ANOVA Table for Acquisition (SD) in Experiment 1 





SS DF MS F P
1.99 26 .08
24.22 1 24.22 316.29 .000
3.15 1 3.15 41.08 .000
Tests involving 'BLOCKS' Within-Subject Effect,
Mauchly sphericity test, W 
Chi-square approx. ■ 
Significance “
Greenhouse-Geisser Epsilon 
Huynh-Feldt Epsilon ■ 
Lower-bound Epsilon ■
.00052













































Tests involving 'BLOCKS' Within-Subject Effect. 








WITHIN CELLS 8.08 286 .03
BLOCKS 1.56 11 .14 5.03 .000
PRAC BY BLOCKS .63 11 .06 2.03 .026
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Table 27. ANOVA Tables for Retention and Transfer (SD) for
Experiment 1.
Retention


















DF MS F P
2 .250 8.577 .002
1 .220 7.541 .011
1 .280 9.613 .005
1 .045 1.538 .227
1 .045 1.538 .227
3 .181 6.231 .003
24 .029
27 .046
DF MS F P
2 .311 3.082 .064
1 .597 5.919 .023
1 .025 .244 .626
1 .302 2.997 .096






Total 3.347 27 . 124
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Table 28. ANOVA Table for Acquisition (RD) for Experiment 
1.
Tests of Between-Subjects Effects.
Source of Variation SS DF MS F p
WITHIN CELLS .98 18 .05
CONSTANT 13.19 1 13.19 243.36 .000
PRAC .50 1 .50 9.30 .007
?ests involving 'TIME' Within-Subject Effect.
iource of Variation SS DF MS F p
WITHIN CELLS .78 18 .04
TIME .01 1 .01 .15 .702
PRAC BY TIME .00 1 .00 .09 .770
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Table 29. ANOVA Tables for
Experiment 1.
Retention














2-way Interactions .07 3
PRAC RETREV .07 3
Explained .103
Residual 1.000
Retention and Transfer (RD) in
DF MS F P
2 .334 16.080 .000
1 .456 21.948 .000
1 .212 10.212 .006
1 .173 8.325 .011
1 .173 8.325 .011
3 .280 13.495 .000
16 .021
19 .062
DF MS F P
2 .015 .240 .790
1 .010 .162 .693
1 .020 .318 .581
1 .073 1.171 .295
1 .073 1.171 .295
3 .034 .550 .655
16 .062
Total 1.103 19 .058


















Table 31. ANOVA Tables for Retention (% Correct)
Performance and Recall (% Correct) Performance in Experiment 
1.
Retention
Source SS df MS F P
Main Effects 1268.506 2 634.253 2.310 . 120
PRAC 575.744 1 575.744 2.097 . 160
RETREV 734.711 1 734.711 2.676 .114
2-way Interactions 2.743 1 2.743 .010 .921
PRAC RETREV 2.743 1 2.743 .010 .921
Explained 1271.248 3 423.749 1.544 .228
Residual 6863.304 25 274.532
Total 8134.552 28 290.520
Recall
Source SS df MS F P
Main Effects 5447.818 2 2723.909 3.486 .046
PRAC 5321.812 1 5321.812 6.811 .015
RETREV 77.217 1 77.217 .099 .756
2-way Interaction 432.002 1 432.002 .553 .464
PRAC RETREV 432.002 1 432.002 .553 .464
Explained 5879.820 3 1959.940 2.508 .082
Residual 19533.214 25 781.329
Total 25413.034 28 907.608
Appendix H 
Experiment 2 Data and ANOVA Tables
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Table 32. Mean movement time as a function of movement
pattern, acquisition blocks, retention and transfer.
Slock Pattarn Blockad-Random
Acquisition SI S2 S3 S4 S5 S6 S7
1 1 3.26 1.92 2.17 2.32 1.98 1.84 5.88
2 1 3.47 1.65 2.18 1.79 2.17 1.98 4.01
3 1 2.92 1.58 2.26 1.60 1.98 1.63 1.91
4 1 1.50 1.49 2.23 1.67 2.07 1.71 1.83
5 1 1.53 1.46 2.30 1.74 1.91 1.93 1.65
6 1 1.55 1.46 2.02 1.79 1.86 1.68 1.50
7 1 1.47 1.44 2.14 1.59 1.90 1.76 1.66e 1 1.40 1.48 1.96 1.53 1.86 1.68 1.69
9 1 1.27 1.43 1.90 1.68 1.79 1.64 1.61
10 1 1.22 1.30 2.03 1.66 1.76 1.78 1.42
11 1 1.44 1.37 2.06 1.72 1.82 1.88 1.37
12 1 2.16 1.34 2.22 1.55 1.82 1.71 1.33
1 2 1.70 3.88 2.21 2.03 3.71 1.80 1.28
2 2 1.32 2.87 2.10 2.08 3.39 1.54 1.44
3 2 1.54 2.28 2.06 1.85 2.56 1.65 1.504 2 1.47 2.06 2.08 2.20 2.53 1.60 1.55
5 2 1.42 1.93 1.97 1.70 2.31 1.63 1.78
6 2 1.44 1.87 2.53 1.55 2.38 1.65 1.30
7 2 1.69 1.86 2.07 1.53 2.39 1.94 1.31
8 2 1.41 1.76 2.03 1.56 2.10 2.03 1.30
9 2 1.46 1.68 1.98 1.61 2.05 1.52 1.76
10 2 1.48 1.68 1.97 2.02 1.88 1.93 2.01
11 2 1.49 1.68 1.86 1.65 1.98 2.14 1.64
12 2 1.53 1.59 1.97 1.76 2.03 1.55 1.66
1 3 2.00 1.83 4.11 3.13 2.03 4.58 1.45
2 3 1.64 1.76 4.11 3.57 2.07 3.57 1.46
3 3 1.61 1.72 4.52 3.67 2.08 1.81 1.504 3 1.51 1.61 4.32 3.11 2.09 1.96 1.36
5 3 1.53 1.61 4.62 2 .42 1.94 1.59 1.29
6 3 1.57 1.55 4.44 2.12 2.15 1.71 1.48
7 3 1.46 1.56 4.52 1.76 1.93 1.63 1.39
8 3 1.47 1.59 3.56 1.65 1.93 1.74 1.26
9 3 1.62 1.64 1.86 1.69 2.06 1.98 1.27
10 3 1.53 1.57 1.95 1.74 2 .00 2.52 1. IB
11 3 1.43 1.52 2.03 1.81 1.96 2.13 1.32
12 3 1.51 1.50 1.91 1.74 1.98 1.86 1.10
Ratantion
1 1 1.37 1.30 1.53 1.51 1.64 1.76 1.90
2 2 1.10 1.33 1.63 1.49 1.67 1.59 1.78
3 3 1.29 1.25 1.44 1.31 1.57 2.02 1.89
Transfar
4 4 1.29 1.22 1.47 1.69 1.73 1.50 1.67
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Table 33. Mean movement time as a function movement pattern,
acquisition blocks, retention and transfer.
Block Pattarn Random-Blockad
Acquisition Si S2 S3 S4 S5 66 87
1 1 3.97 4.47 4.50 3.31 4.01 1.80 3.00
2 1 3.35 4.55 3.85 2 .84 3.46 2 .39 3.69
3 1 3.17 3.85 3.67 2.13 2.94 2.12 3.71
4 1 3.71 3.72 3.20 2.73 2.89 2.38 3.22
5 1 3.06 2.75 3.03 4.01 3.00 2.41 3.30
6 1 3.64 2.25 3.43 3.26 3.08 2.45 2.67
7 1 2.30 2.39 2.90 2 .36 2.74 2.24 2 .96
8 1 2.76 2.56 2,77 1.63 2 .59 1.73 2 .96
9 1 2.26 2.42 2.56 2.38 2.34 2.67 2.90
10 1 2.41 2.32 2.86 1.98 2.22 2.13 4.67
11 1 2.73 2.07 2.19 2.53 2 .29 1.68 2 .80
12 1 3.16 3.23 2.37 2.94 2.04 1.77 2 .45
1 2 4.58 4.07 3.74 3.15 4.46 4.19 3.33
2 2 3.75 4.31 3,93 2.34 3.42 2.75 2.29
3 2 4.11 3.07 3 .56 2.34 2.90 2.39 2.43
4 2 2.42 2 .57 2.91 3.23 2.33 2.70 2.65
5 2 3.26 2.73 3,19 3.88 2.2 6 2.53 2.69
6 2 3.27 2.51 2.94 3.23 2.61 2.00 2.45
7 2 2.39 3.79 2.92 1.70 2.47 2.24 2.43
8 2 2,37 2.47 2.83 2.62 2.41 2.01 2.03
9 2 2.87 2 .52 2.36 2 .95 2.42 2.43 1.94
10 2 2.72 2 .67 2 .57 2.95 1.89 2 .00 1.67
11 2 2.36 2.25 2.33 2.93 2.51 2.08 2.98
12 2 4.16 2.00 2.30 2.64 1.74 2.03 2.64
1 3 3.88 4.59 3.94 3.53 3.89 2.49 1.69
2 3 2 .80 4.28 3.80 2 .36 3.19 2.85 1.54
3 3 3.50 4.48 3.43 2.09 2 .48 2.01 1.70
4 3 2.54 2.58 3.37 2 .47 2.86 2.52 1.76
5 3 2.84 2.98 3.18 2.83 2.86 2.32 1.99
6 3 2 .70 2 .30 3.08 2.97 2.77 1.87 1.54
7 3 2.16 2 .43 3.37 2.06 2.45 2.13 1.72
8 3 3.06 2 .03 3.46 1.46 2.06 2.21 1.64
9 3 2.49 2.05 2.39 2.44 2.37 2.19 1.86
10 3 2.25 2.35 3.06 2.78 2.25 1.74 2.48
11 3 3.02 2.14 2.45 2 .74 2.41 1.68 2.06
12 3 2 .63 1.93 2.25 2 .26 1.79 1.59 1.62
Ratantion
1 1 1.66 1.87 1.38 2.03 1.51 1.15 2.56
2 2 1.16 2.16 1.78 1.32 1.39 1.29 1.58
3 3 1.07 2.00 1.38 1.40 1.37 1.26 1.01
Tranafar
4 4 1.04 1.51 1.30 1.48 1.63 1.45 1.16
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Table 34. Standard deviation as a function movement pattern,
acquisition blocks, retention and transfer.
Block Pattern Blocked -Random
Acquisition Si S2 S3 S4 S5 S6 S7
1 1 0.33 0.08 0.08 0.04 0.03 0.55 0.32
2 1 0.09 0.06 0.05 0.03 0.20 0.28 1.35
3 1 0.93 0.05 0.01 0.03 0.14 0.02 0.18
4 1 0.03 0.02 0.01 0.03 0.20 0.05 0.175 1 0.07 0.07 0.09 0.03 0.02 0.22 0.05
6 1 0.05 0.02 0.05 0.00 0.04 0.07 0.01
7 1 0.05 0.06 0.08 0.04 0.00 0.14 0.17
S 1 0.08 0.03 0.05 0.06 0.06 0.03 0.13
9 1 0.05 0.04 0.03 0.04 0.02 0.04 0.04
10 1 0.04 0.02 0.04 0.05 0.06 0.11 0.01
11 1 0.13 0.10 0.03 0.01 0.03 0.21 0.01
12 1 1.12 0.03 0.06 0.09 0.08 0.15 0.05
1 2 0.27 0.45 0.07 0.40 0.71 0.04 0.03
2 2 0.20 0.18 0.06 0.12 0.26 0.22 0.04
3 2 0.03 0.22 0.04 0.12 0.20 0.12 0.07
4 2 0.10 0.05 0.11 0.41 0.42 0.38 0.12
5 2 0.05 0.04 0.08 0.12 0.18 0.07 0.39
6 2 0.06 0.01 0.35 0.06 0.15 0.07 0.02
7 2 0.46 0.05 0.05 0.03 0.14 0.48 0.11
8 2 0.06 0.05 0.08 0.02 0.04 0.71 0.11
9 2 0. 0B 0.04 0.05 0.01 0.14 0.07 0.03
10 2 0.12 0.08 0.07 0.41 0.12 0.27 0.15
11 2 0.07 0.23 0.05 0.02 0.03 0.55 0.45
12 2 0.05 0.03 0.03 0.03 0.12 0.03 0.33
1 3 0.06 0.09 0.10 1.05 0.18 0.01 0.19
2 3 0.05 0.08 0.03 0.13 0.06 1.15 0.02
3 3 0.08 0.05 0.08 0.39 0.12 0.10 0.16
4 3 0.10 0.03 0.19 0.15 0.03 0.23 0.03
5 3 0.07 0.03 0.03 0.16 0.01 0.04 0.01
6 3 0.14 0.00 0.04 0.10 0.28 0.05 0.05
7 3 0.19 0.06 0.13 0.12 0.06 0.05 0.05
8 3 0.14 0.03 1.19 0.15 0.04 0.14 0.02
9 3 0.12 0.05 0.03 0.11 0.14 0.44 0.03
10 3 0.03 0.05 0.05 0.09 0.10 0.05 0.03
11 3 0.12 0.04 0.10 0.06 0.06 0.08 0.14
12 3 0.22 0.02 0.09 0.21 0.08 0.36 0.06
Retention
1 1 0.28 0.06 0.32 0.16 0.27 0.33 0.15
2 2 0.07 0.22 0.26 0.16 0.20 0.52 0.49
3 3 0.23 0.11 0.34 0.09 0.09 0.12 0.14
Transfer
4 4 0.21 0.07 0.36 0.08 0.04 0.20 0.12
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Table 35. Standard deviation as a function of movement
segment, acquisition blocks, retention and transfer.
Block Pattern Random -Blocked
Acquiaition Si S2 S3 S4 S5 S6 S7
1 1 0.55 0.57 0.25 0.20 0.49 0.28 0.99
2 1 0.54 0.36 0.70 0.65 0.59 0.64 0.59
3 1 0.36 0.71 0.62 0.37 0.50 0.85 0.74
4 1 1.48 0.88 0.19 0.68 0.56 0.49 0.36
5 1 0.51 0.43 0.23 0.27 0.62 0.62 0.47
6 1 1.05 0.05 0.88 0.97 0.16 0.90 0.16
7 1 0.27 0.14 0.17 0.09 0.44 0.48 0.10
8 1 0.76 0.61 0.42 0.54 0.25 0.13 0.29
9 1 0.18 0.25 0.23 0.59 0.52 0.11 0.33
10 1 0.39 0.40 0.97 0.11 0.06 0.45 1.40
11 1 0.50 0.10 0.05 0.10 0.13 0.05 0.67
12 1 0.52 1.67 0.24 1.44 0.10 0.18 0.42
1 2 1.01 0.64 0.52 0.64 0.77 3.40 0.73
2 2 0.75 0.19 0.62 0.67 0.55 0.50 0.07
3 2 0.69 0.4B 0.20 0.35 0.39 0.41 0.16
4 2 0.07 0.18 0.45 0.63 0.20 0.17 0.60
5 2 0.93 0.53 0.15 0.30 0.17 0.27 0.09
6 2 0.48 0.34 0.14 1.02 0.18 0.33 0.37
7 2 0.24 1.10 0.16 0.43 0.16 0.49 0.30
8 2 0.37 0.08 0.50 0.86 0.36 0.13 0.32
9 2 0.52 0.19 0.25 0.81 0.49 0.18 0.37
10 2 0.37 0.14 0.50 0.23 0.26 0.21 0.06
11 2 0.89 0.18 0.25 0.66 0.58 0.43 0.42
12 2 0.97 0.10 0.03 0.78 0.24 0.38 0.12
1 3 0.98 0.57 0.44 0.24 0.79 0.90 0.05
2 3 0.50 0.05 0.49 0.15 0.19 0.55 0.05
3 3 1.10 0.15 0.46 0.25 0.61 0.38 0.12
4 3 0.35 0.08 0.47 0.24 0.80 0.40 0.09
5 3 0.44 0.42 0.39 0.63 0.67 0.43 0.36
6 3 0.56 0.09 0.27 0.88 0.16 0.17 0.11
7 3 0.21 0.25 0.76 0.08 0.51 0.4B 0.08
8 3 0.43 0.17 0.27 0.41 0.27 0.41 0.13
9 3 0.59 0.04 0.21 0.69 0.02 0.46 0.44
10 3 0.58 0.30 0.93 0.83 0.20 0.10 0.73
11 3 0.74 0.32 0.13 0.25 0.25 0.02 0.12
12 3 0.94 0.15 0.04 0.29 0.22 0.12 0.28
Retention
1 1 0.12 0.08 0.32 0.26 0.21 0.10 0.03
2 2 0.03 0.06 0.06 0.31 0.16 0.05 0.55
3 3 0.02 0.05 0.14 0.07 0.10 0.01 0.13
Tranafar
4 4 0.02 0.24 0.07 0.02 0.11 0.25 0.04
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Table 36. Accuracy (% correct) performance as a function of
acquisition, retention and recall.
Acquisition Retention Recall
Condition Errors « Errors « Errors
brl 4 96 1 92 0 100
br2 2 98 0 100 0 100
br3 4 96 3 75 1 67
br4 4 96 4 67 0 100
brS 5 95 1 92 0 100
br6 3 97 3 75 1 67
br7 4 96 1 92 1 67
rbl 7 94 0 100 0 100
rb2 2 98 1 92 0 100
rb3 6 94 0 100 1 67
rb4 2 98 0 100 0 100
rb5 3 97 1 92 0 100
rb6 5 95 0 100 0 100
rb7 6 94 0 100 0 100
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Table 37. Mean resultant displacement as a function of
movement segment, acquisition blocks, retention and transfer.
Acquisition
Condition segment Block 1 Block 2 Retention Transfer
brl 1 0.72 0.50 0.41 1.06
2 0.25 1.19 0.69 1.00
3 0.13 0.86 0.67 0.68
4 1.37 0.85 0.41 0.93
br2 1 0.25 0.07 0.95 0.35
0.46 0.74 0.59 1.22
0.65 1.07 0.49 0.22
4 1.75 0.10 1.56 0.74
br3 1 0.66 0.57 0.44 0.41
0.19 1.06 0.87 1.12
0.73 0.76 0.97 0.38
4 0.54 0.70 1.18 0.32
br4 1 1.25 0.15 0.41 0.41
0.09 0.57 0.61 0.61
3 0.11 0.20 0.76 0.74
4 0.62 0.69 0.46 0.48
br5 1 0.57 0.86 0.28 0.55
0. 61 0.58 0.44 0.79
3 0.35 0.78 0.71 0.75
4 0.24 0.61 0.69 0.99
rbl 1 0.19 0.33 0.54 0.22
1.10 0.41 0.48 1.27
3 0.99 0.25 0.37 0.57
4 0.44 0.36 0.39 0.45
rb2 i 0.74 0.58 0.73 0.20
0.66 0.64 1.05 0.57
3 0.21 0.76 0.28 0.52
4 1.04 0.56 0.88 0.61
rb3 1 0.39 0.67 0.54 0.29
0.67 0.58 0.42 0.66
1 3 0.76 0.58 0.43 0.57
4 0.75 0.92 0.51 0.62
rb4 1 0.62 0.16 0.67 0.74
0.34 0.46 0.51 1.28
0.52 0.46 0.65 0.50
4 2.00 1.05 1.31 0.74
rb5 1 0.28 0.21 0.86 0.26
1.00 0.86 1.16 1.13
3 1.45 0.26 0.57 0.15
4 0.35 1.65 1.47 0.18
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Table 38. ANOVA Table for Acquisition (MT) in Experiment 2.
Tests of Between-Subjects Effects.
Source of Variation SS df MS F P
WITHIN CELLS 39.31 24 1.64
CONSTANT 1430.59 1 1430.59 873.49 .000
PRAC 31.59 1 31.59 19.29 .000
TARGET 12.50 1 12.50 7.63 .011
PRAC BY TARGET .00 1 .00 .00 .989
Tests involving 'BLOCKS' Within-Subject Effect.
Mauchly sphericity test, W 
Chi-square approx. " 
Significance *
Greenhouse-Geisser Epsilon 
Huynh-Feldt Epsilon » 
Lower-bound Epsilon *
.00026





EFFECT .. PRAC BY TARGET BY BLOCKS





















EFFECT .. TARGET BY BLOCKS
















EFFECT .. PRAC BY BLOCKS















Test Name Value Approx. F Hypoth. DF Error DF Sig. of F
Pillais .94020 20.01201 11.00
HotellinglS.72372 20.01201 11.00








Tests involving ' BLOCKS' Within-Subject Effect.
Source of Variation SS
WITHIN CELLS 21.99
BLOCKS 26.22
PRAC BY BLOCKS 3.09
TARGET BY BLOCKS 2.26
PRAC BY TARGET BY 
BLOCKS
.43





11 .28 3.38 .000
11 .21 2.47 .006
11 .04 .47 .921
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Table 39* ANOVA Tables for
Experiment 2.
Retention



















Retention and Transfer <MT) in
df MS F P
2 3.366 14.785 .000
1 3.206 14.079 .001
1 3.527 15.492 .001
1 2.741 12.037 .002
1 2.741 12.037 .002
3 3.158 13.869 .000
24 .228
27 .553
df MS F P
2 3.710 6.926 .004
1 4.049 7.558 .011
1 3.371 6.293 .019
1 2.403 4.487 .045
1 2.403 4.487 .045




Table 40. ANOVA Table for Acquisition (SD) in Experiment 2. 
Tests of Between-Subjects Effects.
Source of Variation SS df MS F P
WITHIN CELLS 2.12 24 .09
CONSTANT 26.83 1 26.83 303.26 .000
PRAC 5.55 1 5.55 62.72 .000
TARGET .00 1 .00 .02 .898
PRAC BY TARGET .14 1 .14 1.57 .222
Tests involving 'BLOCKS' Within-Subject Effect.
Hauchly sphericity test, W 
Chi-square approx. * 
Significance -
Greenhouse-Geisser Epsilon 
Huynh-Feldt Epsilon - 
Lower-bound Epsilon -
.00413 





EFFECT .. PRAC BY TARGET BY BLOCKS





















EFFECT .. TARGET BY BLOCKS























EFFECT .. PRAC BY BLOCKS














EFFECT .. BLOCKS 














Tests involving 'BLOCKS' Within-Subject Effect.
Source of Variation SS df MS F P
WITHIN CELLS 7.80 264 .03
BLOCKS 1. 17 11 .11 3.61 .000
PRAC BY BLOCKS .51 11 .05 1.57 .109
TARGET BY BLOCKS .24 11 .02 .75 .689
PRAC BY TARGET BY .16 11 .01 .50 .900
BLOCKS
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Table 41. ANOVA Tables for Retention and Transfer (SD) in 
Experiment 2•
Retention
Source of Variation SS df MS F P
Main Effects .656 2 .328 14.015 .000
PRAC .371 1 .371 15.843 .001
TARGET .285 1 .285 12.187 .002
2-way Interactions .149 1 .149 6.386 .019
PRAC TARGET . 149 1 .149 6.386 .019
Explained .805 3 .268 11.472 .000
Residual .561 24 .023
Total 1.366 27 .051
Source of Variation SS df MS F P
Main Effects .226 2 .113 4.378 .024
PRAC .140 1 .140 5.434 .028
TARGET .086 1 .086 3.323 .081
2-way Interactions .058 1 .058 2.237 .148
PRAC TARGET .058 1 .058 2.237 .148
Explained .284 3 .095 3.665 .026
Residual .619 24 .026
Total .903 27 .033
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Table 42. ANOVA Table for Acquisition (% Correct) 
Performance in Experiment 2.
Source of Variation SS df MS F P

























Explained 17.250 3 5.750 1.342 .284
Residual 102.857 24 4.286
Total 120.107 2 4.448
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Table 43. ANOVA Tables for Retention (% Correct) and Recall 
(% Correct) Performance in Experiment 2.
Retention
Source of Variation SS df MS P P
Main Effects 836.643 2 418.321 3.812 .036
PRAC 792.893 1 792.893 7.226 .013
TARGET 43.750 1 43.750 .399 .534
2-way Interactions 38.893 1 38.893 .354 .557
PRAC TARGET 38.893 1 38.893 .354 .557
Explained 875.536 3 291.845 2.660 .071
Residual 2633.429 24 109.726
Total 3508.964 27 129.962
Recall
Source of Variation SS df MS F P
Main Effects 3993.714 2 1996.857 3.865 .035
PRAC 1428.571 1 1428.571 2.765 .109
TARGET 2565.143 1 2565.143 4.964 .036
2-way Interactions 165.143 1 165.143 .320 .577
PRAC TARGET 165.143 1 165.143 .320 .577
Explained 4158.857 3 1386.286 2.683 .069
Residual 12401.143 24 516.714
Total 16560.000 27 613.333
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Source df SS MS F P
Between Groups 1 .0270 .0270 .7060 .4252




Source df SS MS F P
Between Groups 1 .1082 .1082 3.3168 . 1061
Within Groups 8 .2609 .0326
Total 9 .3690
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Table 45. ANOVA Tables for Retention and Transfer (RD) in
Experiment 2.
Retention



















df MS F P
2 .087 2.118 . 153
1 .171 4.160 .058
1 .003 .076 .786
1 . 190 4.622 .047
1 . 190 4.622 .047
3 . 121 2.952 .064
16 .041
19 .054
df MS F P
2 .082 3.657 .049
1 .070 3.089 .098
1 .095 4.225 .057
1 .000 .008 .930
1 .000 .008 .930









Acquisition Trials (1-3, 34-36)
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Figure 20. Displacement-displacement profiles of the
first three and final three trials of
acquisition for blocked-blocked subjects.
221
Blocked-Random
Acquisition Trials (1-3, 34-36)
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Acquisition Trials (1-3, 34-36)
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Figure 22. Displacement-displacement profiles of the first
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Figure 23. Displacement-displacement profiles of the first
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Figure 26. Displacement-displacement profiles of the three















Figure 27. Displacement-displacement profiles of the three
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Figure 29. Displacement-displacement profiles of the three
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Figure 30. Displacement-displacement profiles of the three
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Figure 34. Displacement-displacement profiles of the three
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Figure 37. Displacement-displacement profiles of the three
transfer trials for random-blocked subjects.
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Figure 38. Performance accuracy {% correct) as a function 


















Figure 39. Performance accuracy {% correct) as a function 
of practice schedule, acquisition, retention, 
recall and target manipulation (C*constant; 
V«variable).
Appendix L 
Computer Program for each Experiment
242
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Quick Basic (v 4.5)
'Declaration of all functions and procedures used
DECLARE FUNCTION ElementsRet% (i%) 'returns
pseudorandom element
DECLARE FUNCTION ElementsCond% (i%) 'returns
pseudorandom element
DECLARE SUB EXP2 (DirPathS, NAMES, Expchoice%) 
'random condition
DECLARE SUB EXPl (DirPath$, NAMESt Expchoice%) 
'blocked condition
DECLARE SUB PORTOUT (LEDDATA%) 'digital
I/O
DECLARE SUB DELAY1 () 'delay of 1
second
DECLARE SUB BASDASG (MD%, BYVAL dummy%, flag%) 'for 
all DASG-16G calls
'The global arrays that have been used are as follows
DIM D%(20)
COMMON SHARED D%()
'*******Beginning of mainprogram* ********************************************/
CLS
'MODE Oi initialisiation of the das board
MD% - 0 
D%{0) * &H300 
FOR i - 2 TO 15 
D%(i) - 0 
NEXT i
flag% “ 0
CALL BASDASG(MD%, VARPTR(D%(0)), flag%)
IF flag% <> 0 THEN PRINT "ERROR IN MODE 0", flag%
f
'MODE 1: set the multiplexer scan limits 
§
MD% - 1
D%(0) ■ 0 'lower scan limit“0
D%(1) - 7 'upper scan limit»7





CALL BASDASG(MD%, VARPTR(D%(0)), flag%)






PRINT " THE CONTEXTUAL INTERFERENCE EXPERIMENT" 
LOCATE 13, 24
PRINT "(written by Ajeeth Jagannath)"
LOCATE 15, 34 
PRINT "for"
LOCATE 17, 24
PRINT "The Motor Behavior Laboratory"
LOCATE 18, 25
PRINT "Department of Kinesiology"
LOCATE 19, 24
PRINT "Louisiana State University"
LOCATE 20, 26
PRINT "Baton Rouge, LA 70803."
LOCATE 23, 5
PRINT "Press any key to continue...."





INPUT "PLEASE ENTER FILENAME:", NAMES 
OPEN DirPathS + NAMES FOR APPEND AS #1 
LOCATE 15, 5
PRINT "PLEASE ENTER THE DETAILS OF THE SUBJECT" 
LOCATE 17, 5







PRINT #1, "LASTNAME*"; LASTNAMES; *' FIRSTNAME*"; 






PRINT "1. Condition Tests" 
PRINT
LOCATE 19, 17
PRINT "2. Retention Tests"
Askchoice:
LOCATE 22, 17
INPUT "Please enter your choice(1 or 2):",
Expchoice%
IF Expchoice% <> 1 THEN






PRINT "CHOOSE THE CONDITION THAT YOU WOULD LIKE TO
TEST"
PRINT
PRINT "1. BLOCKED #1"
PRINT
PRINT "2. RANDOM #2"
LOCATE 24, 17
INPUT "PLEASE ENTER YOUR CHOICE:", EXPNUMBER 
IF EXPNUMBER - 1 THEN CALL EXPl(DirPathS, NAME$, 
Expchoice%)




INPUT "TYPE 'y' TO CONTINUE OR 'n' TO EXIT TO DOS:", 
CONTINUE?
IF CONTINUE? - "y" THEN GOTO begin 
IF CONTINUE? - "n" THEN GOTO TAPEND
TAPEND: END
' A * * * * * * * * * * * * * * * * * * * * *End of main program********* ****** 
SUB DELAY1
'*****calculate a delay of 1 second************
PRES - TIMER













































































pseudo%(81 - 1pseudo%(82 - 2
pseudo%(83 - 3





pseudo%(90 - 1paeudo%(91 - 3
pseudo%(92 - 2
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pseudo* 93) - 1
pseudo* 94) - 2
pseudo* 95) - 3
pseudo* 96) - 2
pseudo* 97) - 1
pseudo* 98) - 3
pseudo* 99) - 1
pseudo* 100) - 3
pseudo* 101) - 2
pseudo* 102) - 1
pseudo* 103) - 2
pseudo* 104) - 1
pseudo* 105) - 2
pseudo* 106) « 3
pseudo* 107) - 2





pseudo%(1) > 2  
pseudo*(2) ■ 3 
pseudo%(3) - 1 
pseudo%(4) * 3  
pseudo*(5) * 1 
pseudo*(6) ■ 2 
pseudo*(7) - 1 
pseudo*(8) ■ 2 
pseudo*(9) - 3 
pseudo*(10) - 4 




SUB EXP1 (DirPathS, NAMES, Expchoice*)
DIM inpdata%(30000)
DIM channel*(30000)
' initialise the receiving array to 0
249
FOR i% - 0 TO 29999 
inpdata%(i%) * 0 
NEXT i%
beginl:





PRINT "CHOOSE THE PATTERN THAT YOU WOULD LIKE TO
RUN"
LOCATE 17, 17
PRINT "1. PATTERN 1 (Start-l-5-3-Stop)"
LOCATE 18, 17
PRINT "2. PATTERN 2 (Start-4-2-5-Stop)•
LOCATE 19, 17
PRINT "3. PATTERN 3 (Start-5-2-6-Stop)"
IF Expchoice% “ 2 THEN 
LOCATE 20, 17
PRINT "4. RETENTION (Start-4-3-6-Stop)"
END IF
IF Expchoice% - 2 THEN 
LOCATE 2 3, 17
INPUT "Please enter your choice ( 1 , 2 , 3  
or 4)iH, InputValue%
END IF
IF Expchoice% - 1 THEN 
LOCATE 23, 17
INPUT "PleaBe enter your choice ( 1 , 2  or 3);", 
InputValue%
END IF
IF InputValue% - 1 THEN pattern« - 1 'bits 001
IF InputValue% - 2 THEN pattern« - 2 'bits 010
IF InputValue% - 3 THEN pattern% - 4 'bits 100
IF InputValue% ■ 4 THEN pattern% * 7 'bits 111
CLS
LOCATE 17, 17
INPUT "HOW MANY TRIALS WOULD YOU LIKE TO RUN
number%
'beginning of main data collection and analysis loop for
250
each trial
FOR count% - 1 TO number% 
doagainl:
'initialise
total! ■ 0 
mt11 « 0 
mt21 - 0 
mt31 *■ 0 
mt4l ■ 0
' initialise the receiving array to 0 
FOR i% - 0 TO 29999 
inpdata%(i%) ■ 0 
NEXT i%





PRINT "PLEASE REQUEST THE SUBJECT TO PLACE THE 
STYLUS ON THE START POINT" 
startagain:
COLOR 7, 1 
LOCATE 16, 16
PRINT "HE MAY NOW PROCEED WITH THE EXPERIMENT" 
LOCATE 22, 15
PRINT "Press any key when ready to begin..."
DO: LOOP WHILE INKEY$ - ""
MD% « 3 
CLS
' BEEP warning beep
CALL DELAY1 'delay of 1 second
CALL PORTOUT(pattern%) 'send signal to
light up led
LOCATE 17, 17
PRINT "Collecting and analysing data... Please
wait...."
/
'data collection for 5 seconds at approx 500Ohz
'(the readings will have a variation (max) of (+/-)1.0 msec)
FOR i% - 0 TO 29999




'analysis of data to compute movement times 
' IniReact% - 0
FOR i% » 0 TO 29999 STEP 8 
IF inpdata%(i%) > 7 5 0  THEN
inistart% ■ i% 'inistart:stylus






inistart% inimtl:start of mov
time#l
time#1
IF pattern* - 1 THEN
FOR i% - 1 TO 29999 STEP 8 






IF pattern* - 2 THEN
FOR i* ■ 4 TO 29999 STEP 8 









IF pattern* ■ 4 OR pattern* - 
FOR i* « 5 TO 29999 STEP 8 








'end of mov tim#l signals start of mov time #2
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FOR i% - finmtl* TO 29999 STEP 8 
IF inpdata*(i%) > 750 THEN




IF pattern% * 1 THEN
FOR i% - 5 TO 29999 STEP 8 







end of mov time
42
*2
IF pattern* - 2 THEN
FOR i% « 2 TO 29999 STEP 8 






IF pattern* - 4 THEN
FOR i* - 2 TO 29999 STEP 8 






end of mov time
end of mov time
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IF pattern* « 7 THEN
FOR i% - 3 TO 29999 STEP 8 






end of mov time
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'end of mov time #2 signals beginning of mov time #3 
/
FOR i% - finmt2« TO 29999 STEP 8 
IF inpdata«(i«) > 750 THEN





IF pattern% - 1 THEN
FOR i% - 3 TO 29999 STEP 8
IF inpdata%(i%) < 250 THEN






IF pattern% - 2 THEN
FOR i% - 5 TO 29999 STEP 8 
IF inpdata%(i%) < 250 THEN






IF pattern% - 4 OR pattern% * 7 THEN 
FOR i% - 6 TO 29999 STEP 8 
IF inpdata%(i%) < 250 THEN






'end of mov time #3 signals start of mov time #4 
FOR i% - finmt3% TO 29999 STEP 8 
IF inpdata%(i%) > 750 THEN






FOE i% - 7 TO 29999 STEP 8 
IF inpdata«(i%) < 250 THEN





'calculation of all movememt times
'initialise
totali » 0 
mt 1J “ 0 
mt21 — 0 
mt 31 “ 0 
mt41 ■ 0 
ReacTimel ■ 0
'calculate
mtll * (finmtl% - inimtl%) / 5000
mt21 * (finmt2% - inimt2%) / 5000
mt3t « (finmt3% - inimt3%) / 5000
mt41 ■ <finmt4% - inimt4%) / 5000
ReacTimel ■ (inimtl% - IniReact%) / 5000
IF (mtll < 0) THEN 
mt 11 - mt 11 * -1 
END IF
IF (mt2! < 0) THEN 
mt21 - mt2I * -1 
END IF 
IF (mt31 < 0) THEN 
mt31 - mt31 * -1 
END IF 
IF (mt41 < 0) THEN 
mt41 ■ mt4I * -1 
END IF




PRINT "The reaction and movement times are as 
follows:"
255
PRINTPRINT "Reaction Time :"; ReacTimel
IF pattern% - 1 THEN
PRINT "Movement time [Start - 1] mtll
PRINT "Movement time [1 - 5] mt21
PRINT "Movement time [ 5 - 3 ]  :"; mt3l 
PRINT "Movement time [3 - end] :"; mt4I 
PRINT "Total movement time is:"; total1 
END IF
IF pattern% - 2 THEN
PRINT "Movement time [Start - 4] mtll
PRINT "Movement time [4 - 2] mt21
PRINT "Movement time [2 - 5] mt3l
PRINT "Movement time [5 - end) mt41
PRINT "Total movement time ie:"; totalI 
END IF
IF pattern% ■ 4 THEN
PRINT "Movement time [Start - 5] :"; mtll 
PRINT "Movement time [5 - 2] mt21
PRINT "Movement time [2 - 6] mt31
PRINT "Movement time [6 - end] mt4I
PRINT "Total movement time is:"; total1 
END IF
IF pattern* - 7 THEN
PRINT "Movement time [Start - 4] mtll
PRINT "Movement time [ 4 - 3 ]  mt21
PRINT "Movement time [ 3 - 6 ]  :M; mt31 
PRINT "Movement time [6 - end] mt41
PRINT "Total movement time is:"; totall 
END IF
LOCATE 22, 17
INPUT "reject trial"; rejects
IF rejects - "y" THEN 
extratrials% “ extratrials% + 1 
GOTO nextrial 
END IF
IF rejects - "n" THEN 
'saving
OPEN DirPathS + NAMES FOR APPEND AS #1 
PRINT #1, Expchoice%, count%, InputValue%,




IF count% ■ number% THEN GOTO chktrialsl 
Asklnput!
LOCATE 22, 17
INPUT "Are you ready for the next trial(type y if 
b o )"; answer$
IF answer$ <> "y" THEN GOTO Asklnput 




IF extratrials% > 0 THEN
extratrials% ” extratrials% - 1 
QUESTll:
INPUT "Are you ready for the next trial(type y if so 
answer$







INPUT "Do you wish to continue with Condition 1 
(y/n)”; endanswer$
IF endanswer$ * "y" THEN GOTO beginl 
IF endanswer$ - "n" THEN GOTO endl 
GOTO explend
endl: END SUB





'flag to check whether
'initialised to 0 after






'beginning of experiment #2
'initialise
IndexFlag% - 1 
or not the Index has to
54 trials. If there are
to be made 0 only once after
Index% - 1 
accesses the pseudorandom array 
extratrials% - 0 
extra trials to 0
totall - 0 
mov time to 0
mt 11 * 0 
other mov times to 0 
mt21 - 0
mt31 - 0  '
mt41 - 0  '
pattern% - 0
' initialise the receiving array to 0 
FOR i* - 0 TO 29999 




LOCATE 4, 21 
PRINT "Random Order"
PRINT
PRINT " About Random Practice...... "
PRINT
PRINT " In this Experiment the order in which the
three lights come on is"
PRINT " pseudo-random. The subject will have to
follow the pattern as "
PRINT " indicated by the color of the light which
in turn implies that ”
PRINT " the subject will have to be aware of the
relationship between the"
PRINT " the color and the pattern. "
PRINT
PRINT M Since this is a pseudo random experiment
the number of trials"
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PRINT " is fixed to 108. All the THREE patterns
are uniformly distributed"
PRINT " over the 108 trials* However, if you are
running the Retention "
PRINT " tests, all the THREE patterns are
uniformly distributed over 9 trials."
LOCATE 22, 5
PRINT "Press any key to continue...."
DO
LOOP WHILE INKEY$ -
'choose the no of Trials
IF Expchoice% - 1 THEN
NoTrials% ■ 108 'set the # of
trials for the condition tests 
END IF
IF Expchoice% - 2 THEN
NoTrials% ■ 12 'set the # of trials
for the retention tests 
END IF
'beginning of main data collection and analysis loop for 
each trial
FOR count% ■ 1 TO NoTrials% 
doagain2:
' initialise the receiving array to 0 
FOR i% - 0 TO 29999 
inpdata%(i%) * 0 
NEXT i«
' switch off all leds
OUTPUTDATA% - 0
CALL PORTOUT(OUTPUTDATA%)
'get the pattern from the corrosponding pseudorandom array 
'depending on the experiment being run.
InputValue% * 0
IF Expchoice% - 1 THEN
InputValue% ■ ElementsCond%(Index%)
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Index% - Index% + 1 
IF InputValue« - 1 THEN 
pattern% * 1 
END IF
IF InputValue% - 2 THEN 
pattern% * 2 
END IF
IF InputValue% - 3 THEN 
pattern% “ 4 
END IF
END IF
IF Expchoice% - 2 THEN 
InputValue% - ElementsRet%(Index%)
Index% - Index% + 1
IF InputValue% - 1 THEN 
pattern% - 1 
END IF
IF InputValue% - 2 THEN 
pattern% “ 2 
END IF
IF lnputvalue% - 3 THEN 
pattern% “ 4 
END IF
IF InputValue% - 4 THEN 
pattern% - 7 
END IF
END IF
'beginning the main loop
CLS
LOCATE 14, 14
PRINT "PLEASE REQUEST THE SUBJECT TO PLACE THE 
STYLUS ON THE START POINT"
startagain2:
COLOR 7, 1 
LOCATE 16, 18
PRINT "HE MAY NOW PROCEED WITH THE EXPERIMENT" 
LOCATE 22, 15
PRINT "Press any key when ready to begin..."
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data collection for 6 seconds at approx 5000hz
(the readings will have a variation (max) of (+/-J1.0 msec)
DO: LOOP WHILE INKEY$ - ""
MD% - 3 
CLS
' BEEP (removed) warning
beep
CALL DELAY1 'delay of 1 second
CALL PORTOUT(pattern%) 'send signal to
light up led
LOCATE 17, 17






FOR i% ■ 0 TO 29999
CALL BASDASG(MD%, VARPTR(D%(0)), flagt) 
inpdatat(it) ■ D%(0)
NEXT i%
'analysis of data to compute movement times 
' IniReact% « 0
FOR i% * 0 TO 29999 STEP 8 
IF inpdata%(i%) > 7 5 0  THEN
inistart% ■ i% 'inistart:stylus




inimtl% - inistart% 'inimtl:start of mov
time#1
IF pattern% - 1 THEN
FOR it - 1 TO 29999 STEP 8 
IF inpdata%(i«) < 250 THEN






IF patternt - 2 OR patternt - 7 THEN 
FOR i* - 4 TO 29999 STEP 8 
IF inpdata«(i%) < 2 5 0  THEN







IF pattern! “ 4 THEN
FOR i% - 5 TO 29999 STEP 8 
IF inpdata!(i!| < 250 THEN






'end of mov timtl signals start of mov time #2
FOR i% - finmtl% TO 29999 STEP 8 
IF inpdata%(i%) > 750 THEN
#2
#2




IF pattern% - 1 THEN
FOR i% » 5 TO 29999 STEP 8 
IF inpdata%(i%) < 2 5 0  THEN





IF pattern! - 2 THEN
FOR i% « 2 TO 29999 STEP 8 
IF inpdata!(i%) < 2 5 0  THEN





IF pattern! - 4 THEN
FOR i! - 2 TO 29999 STEP 8
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IF pattern% ■ 7 THEN
FOR i% ■ 3 TO 29999 STEP 8 







'end of mov time #2 signals beginning of mov
t
FOR i% - finmt2% TO 29999 STEP 8 






IF pattern% - 1 THEN
FOR i% - 3 TO 29999 STEP 8 







IF pattern« - 2 THEN
FOR i% - 5 TO 29999 STEP 8 






end of mov time







IF pattern% - 4 OR pattern% “ 7 THEN 
FOR i% - 6 TO 29999 STEP 8 
IF inpdata%{i%) < 250 THEN 






'end of mov time #3 signals start of mov time #4 







> 7 5 0  THEN
start of mov
FOR i» ■ 7 TO 29999 STEP 8 







'calculation of all movememt times
' initialise
total1 ■ 0 
m t 1 1 ■ 0 
mt21 - 0 
mt31 — 0 
mt4I — 0 
ReacTime1 “ 0
'calculatemtl 1 










IF (mtl1 < 0) THEN 







IF <mt21 < 0) THEN
mt21 - mt21 * -1
END IF
IF (mt31 < 0) THEN
mt31 - mt3l * -1
END IF
IF (mt4t < 0) THEN
mt41 - mt41 * -1
END IF
ReacTimel - (inimtl* - IniReact%) / 5000 




PRINT "The reaction and movement times are as 
followsi"
PRINT
PRINT "Reaction time ReacTimel
IF pattern% * 1 THEN
PRINT "Movement time [Start - 1] :"; mt1PRINT "Movement time [1 - 5] :" »9 mt2 1PRINT "Movement time [5 - 3] :M • / mt 3 1PRINT "Movement time [3 - end] a»"; mt41
PRINT "Total movement time is: M « 9 total1END IF
IF pattern* - 2 THEN
PRINT "Movement time [Start - 4] mtll
PRINT "Movement time [ 4 - 2 ]  i"; mt21 
PRINT "Movement time [2 - 5] mt31
PRINT "Movement time [5 - end] i"; mt41 
PRINT "Total movement time iB:"; total1 
END IF
IF pattern* - 4 THEN
PRINT "Movement time (Start - 5] :"; mtll 
PRINT "Movement time [ 5 - 2 ]  mt21
PRINT "Movement time [ 2 - 6 ]  :"; mt3l 
PRINT "Movement time [6 - end] mt41
PRINT "Total movement time is:"; total1 
END IF
IF pattern* - 7 THEN
PRINT "Movement time [Start - 4] mtll
PRINT "Movement time [4 - 3] mt2!
PRINT "Movement time [ 3 - 6 ]  mt3!
PRINT "Movement time [6 - end] mt4J
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PRINT "Total movement time is:"; total1 
END IF
LOCATE 22, 17
INPUT "reject trial"; reject$
IF rejects - "y" THEN 
extratrials% ■ extratrials% + 1 
GOTO nextrial2 
END IF
IF rejects “ "n" THEN 
' saving
OPEN DirPathS + NAMES FOR APPEND AS *1 
PRINT #1, Expchoice%, countt, InputValue%, 




IF count% “ NoTrials% THEN GOTO chktrials2 
Asklnput2 i
LOCATE 22, 17
INPUT "Are you ready for the next trial(type y if
so)H; answers
IF answer$ <> "y" THEN GOTO Asklnput2 
'DO WHILE ANSWERS <> "y"
'LOOP
NEXT count%
'chktrials2 is entered to first check if any trials are 
rejected* If this is
'true then the program is forced to go through as many times 
as needed. The
'index to the pseudorandom array is again pointing to the 
beginning.
chktrials2i
IF extratrials% > 0 THEN
extratrials% “ extratrials% - 1
'after 54 trials variable Index has to be reset (only once) 
to point
'to the first array location of the pseudorandom array 
IF IndexFlag% - 1 THEN
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Index% " 0
IndexFlag% « IndexFlag% - 1 
END IF
QUEST121INPUT "Are you ready for the next trial(type y if so)"; 
answer$







INPUT "Do you wish to continue with Condition 2 
(y/n)"; endanswerS
IF endanswerS “ "y" THEN GOTO begin2 





^♦**********THIS ROUTINE LIGHTS UP THE LED'S DEPENDING ON 
LEDDATA VALUE*******
MD% - 13
D% (0) - LEDDATA%
FOR i - 1 TO 15 
D%(i) - 0 
NEXT i 
flag% « 0
CALL BASDASG(HD%, VARPTR(D%(0)), flag%)
IF flag% <> 0 THEN PRINT "mode 13 not successful”
END SUB
Appendix M
Movement Distance between Targets for Experiment 2
Pattern B
Target 1: 10 .5+17+16+14=57.5  cm 
Target 2: 10+17+16+14.5=57.5  cm 
Target 3: 10 .5+17+16+14=57.5 cm
267
Vita
Nancy Heather McNevin was born on the 8th of August, 
1956, in St.Catharines, Ontario, Canada. After serving four 
years in the Canadian Armed Forces, she rejoined civilian 
life and pursued several career paths including law 
enforcement and the merchant marine. Nancy completed her 
honors degree in Psychology at McMaster University in 
Ontario, Canada. Encouraged by friends and family, she 
obtained her Master of Human Kinetics degree in Motor 
Behavior at the University of Windsor. At Louisiana State 
University, Nancy pursued her Doctorate degree in Motor 
Behavior. She is presently residing in Detroit, Michigan, 
where she is an Assistant Professor in the Department of 
Physical Therapy at Wayne State University.
268
DOCTORAL EXAMINATION AND DISSERTATION REPORT
candidate* N a n c y  H. M c N e v i n  
M a j o r  Fieldi K i n e s i o l o g y
T i t l e  of Dlseertationt V a r i a b i l i t y  o f  P r a c t i c e  in M o t o r  S k i l l
A c q u i s i t i o n :  A T a s k  D y n a m i c s  P e r s p e c t i v e
EXAMINING COMMITTEE:
A u&l.' jUicvUs'
Data of T w l  nation*
July 31, 1995
